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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS
‘ 424 TRAPELO ROAD

WALTHAM, MASSACHUSETTS 02154

REPLY TO
ATTENTION OF

Honorable Edward J. King

Governor of the Commonwealth of
Magsachusgetts

State House

Boston, Massachusetts 02133

Dear Governor King:

Inclosed 1s a copy of the Upper Banjo Pond Dam Phase I Inspection
Report, which was prepared under the National Program for Inspection of
Non-Federal Dams. This report is presented for your use and is based
upon a visual inspection, a review of the past performance and a brief
hydrological study of the dam. A brief assessment 1s included at the
beginning of the report. 1 have approved the report and support the
findings and recommendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
action is a vitally important part of this program.

A copy of this report has been forwarded to the Department of Environ-—
mental Quality Engineering, the cooperating agency for the Commonwealth
of Massachusetts. In addition, a copy of the report has also been
furnished the owner, LePage Division of Papercraft Corporation,
Gloucester, Massachusetts.

Coples of this report will be made available to the public, upon
request, by this office under the Freedom of Information Act. In the
case of this report the release date will be thirty days from the date
of this letter.

I wish to take this opportunity to thank you and the Department of
Environmental Quality Engineering for your cooperation in carrying out
this program.

Sincerely,
Incl : MAX B. SCHEIDER
As stated Colonel, Corps of Engineers

Division Engineer



NATTONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT
BRIEF ASSESSMENT

Tdentification No.: MA00185
Name of Dam: Upper Banjo Pond
Town: Gloucester

County and State: Essex County, Massachusetts
Stream: Unnamed tributary to Annisquam River

Date of Inspection: April 20, 1979

Upper Banjo Pond Dam, which was built in 1908, is
a concrete slab and buttress dam (Ambursen type) flanked
by earth embankments. The dam 1s approximately 140 feet
long and has a maximum helight of 17 feet., There 1s also
an earth dlke, adjacent tc the east abutment of the dam,
which 1s 4 feet high and 170 feet long. The crest of
the dam 1s formed by the concrete deck of the buttressed
section at E1 B4.6, and a concrete cap wall incorporated
in the earth embankments at E1 84.,5. The crest of the
dike ranges from E1 84.6 to El 85.2. The splllway is a
10.6~foot long overflow welr recessed into the top of
the dam. The crest of the weilr is at E1 83.5. Water
flowing over the splllway drops vertically to an earth
slope at the toe of the dam. There is nc spillway chute
or stilling basin. The outlet for the dam consists of
an 8-inch dilameter pipe which discharges about 72 feet
downstream of the dam,

The dam is IiIn poor condition and 1n need of
extensive repalr work and additional engineering inves-
tigations 1In order to assure 1its continued performance.
Thils conclusion 1s based on the visual inspection of the
site, and a review of the limited dats available on the
dam,
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The fcllowing deflciencles were observed at the
site: moderate seepage through the buttressed concrete
section of the dam; severe spalling, cracking and
efflorescence in the concrete of the buttressed dam and
in the cap wall; erosion and riprap missing from the
upstream face of the earth embankments and the dike;
erosion on the crest and downstream slopes of the
embankments; lack of fill behind the retalning walls on
the downstream slope of the earth embankments; lack of
adequate protection on the earth slope below the spill-
way weir; and trees and dense vegetation growing on the
slopes of the dam and the dike,

Based on Corps of Engineers' guldelines, the dam
has been classified in the "small" size and "high"
hazard categories. A test flood equal to the full
probable maximum flood (PMF) was used to evaluate the
capaclty of the spillway. The total drainage for Upper
Banjo Pond 1s 448 acres (0.7 square miles). However,
much of the drainage 1s diverted by a spilllway and
outlet at Fernwood Lake, which 1s west of the pond.
After adjusting for this diversion, the test flood
inflow for Upper BanjJo Pond is calculated to be 230
cuble feet per second (c¢fs). The test flood outflow 1s
also 230 c¢fs, since there 1s no adJustment for storage
in the pond. The test flood outflow with the pond at El
85.0 will overtop the capwall on the dam by 0.5 feet.
The spillway capacity at E1 84.5 (top of the cepwall) is
35 efs, which is 17 percent of the test flood outflow.

A fest flood equal to one-=half the PMF would resulft In
an outflow of 96 c¢fs with the pond at E1 84.8 and would
overtop the capwall by 0.3 feet.

It 1s recommended that the Owner employ a quali-
fied engineering consultant to conduct a more detalled
hydraulic and hydrologlc study to evaluate splllway
capaclty and overtopping potential. The consultant
should also conduct a complete geotechnical and struc-
tural Investigation of the structure, including an
evaluatlion of the seepage through the concrete section
of the dam. This investigation should also include an
evaluatlon of the selsmic stability of the dam. It is
recommended that the Owner malintain the pond at
approximately E1 75.5 untll the recommendations by the
consultant are implemented.

UPPER BANJO POND DAM



The Owner should repair the deficlencles listed above,
as described in Section 7.3.

The Owner should also lmplement a program of
annual technical inspectlions and menthly maintenance
inspections, including monitoring for seepage through
the concrete and in the gate chamber, It is also
recommended that the Owner implement a plan for survell-
lance of the embankment durlng and after periods of high
runoff and a plan for warning nearby residents in the
event of an emergency at the site.

The measures outlined above and In Sectlon 7
should be implemented by the Owner within a period of
one year after recelpt of thils Phase 1 Inspection

Report. .

Edward M, Greco, P.E.
FProject Manager
Metcalf & Eddy, Inc.

Connecticut Reglstration
No. 08365

Approved by:

Ll beo X NP o)y

Stephén L. Bishop, P.E. /
Vice President

L.
BISHOP

Metcalf & Eddy, Inc. No. 19703 &
’?’{‘\ o) F'Q\Q’ ({3:
1sTESAE

Massachusetts Registration S O,

No. 19703
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This Phase I Inspection Report on Upper Banjo Pond Dam

has been reviewed by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection of
Dams, and with good engineering judgment and practice, and is hereby
submitted for approval.

ngineering Division

9./4%

JOSEPH A. MCELROY, MEMBER
Foundation & Materials Brauch
Engineering Division

N

w.pﬂ 1’5:/( G }\(7%

/

v

CARNEY M/ TERZIAN, CHAIRMAN
Chief, Structural Section
Design Branch

Engineering Division

APPROVAL RECOMMENDED:

JOE B. FRYAR 4
Chief, Engineering Division




PREFACE

This report is prepared under guidance contalned
in Recommended Guidelines for Safety Inspectlion of Dams,
for a Phase I Investlgafion., Coples of these guldelines
may be obtained from the 0fflce of Chlef of Englneers,
Washington, D.C, 20314. The purpose of a Phase I Inves-
tigation 1s to 1dentify expeditlously those dams which
may pose hazards to human 1llfe or property. The assess-
ment of the general condltlon of the dam 1s based upon
available data and visual inspections. Detailed investi-
gations, and analyses involving topographic mapping,
subsurface investlgations, testing, and detailed compu-
tational evaluations are beyond the scope of a Phase I
investigatlon; however, the investigation 1s intended to
identify any need for such studies.

In reviewing this report, 1t should be realized
that the reported condition of the dam 1s based on obser-
vations of field conditlons at the time of inspection
along with data available £o the inspection team. In
cases where the reservolr was lowered or dralned prior
to inspection, such action, while Improving the sta-
bility and safety of the dam, removes the normal load on
the structure and may obscure certalin conditlons which
might otherwise be detectable if inspected under the
normal operating environment of the structure.

It 1is lmportant to note that the condition of a
dam depends on numerous and constantly changing internal
and external conditions, and 1s evolutionary 1ln nature.
It would be incorrect to assume that the present condi-
tion of the dam will continue to represent the condition
of the dam at some polnt in the future. Only through
continued care and inspectlon can there be any chance
that unsafe conditlions will be detected.

Phase I inspections are not intended to provide
detailed hydrologic and hydraullc analyses. In accor-
dance with the established Guildelines, the Splllway Test
Flood 1s based on the estimated "Probable Maximum Flood"
for the region (greatest reasonably possible storm run-
off), or fractions thereof. Because of the magnitude and
rarlty of such a storm event, a finding that a spillway
will not pass the test flood should not be interpreted
as necessarlly posing a highly inadequate conditlon,

The test flood provides a measure of relative spillway
capaclty and serves as an ald in determining the need
for more detalled hydrologlc and hydraulic studies,
considering the slze of the dam, its general conditions
and the downstream damage potential,
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OVERVIEW
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GLOUCESTER, MASSACHUSETTS
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NATTONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT
UPPER BANJO POND DAM

SECTION 1
' PROJECT INFORMATION

1.1 General

a. Authority. Public Law 92-367, dated August 8,
1972, authorized the Secretary of the Army,
through the Corps of Engineers, to initiate a
national program of dam inspection throughout
the United States. The New England Divison of
the Corps of Englneers has been asslgned the
responsibllity of supervisling the inspection of
dams within the New England Reglon. Metecalf &
Eddy, Inc. has been retalned by the New England
Division to Iinspect and report on selected dams
in the State of Massachusetts. Contract No.
DACW 33-79-C-0054, dated March 27, 1979, has
been assigned by the Corps of Engineers for
this work.

b. Purgose:

(1) Perform technlcal inspection and evalua-
tion of non-Federal dams to ldentify con-
ditions which threaten the public safety
and thus permit correcticn in a timely
manner by non-~-Federal interests.

(2) Encourage and assist the States to ini-
tiate quickly effective dam safety pro-
grams for non-~Federal dams.

(3) Update, verify and complete the National
Inventory of Dams.

1.2 Description of Project

a. Locatlon. The dam is located on an unnamed
tributary of the Annisquam River, in the City

UPPER BANJO POND DAM



of Gloucester, Essex County, Massachusetts
(see Location Map). The coordinates of this
location are latitude 42 deg. 36.7 min. north
and longitude 70 deg. 41.5 min. west.

Descrliption of Dam and Appurtenances. Upper
Banjo Pond Dam is a reinforced concrete slab
and buttress dam, also known as an Ambursen
type dam, flanked by east and west earth
embankments (Figures B-1 and B-2). The dam is
a total of 140 feet long and 17 feet high.
The crest of the dam is formed by the upper
edge of the concrete deck of the buttress
section, and a concrete cap wall that extends
to the abutments of the earthfill sections.,
The concrete deck 1s 2.5 feet wide and at El
84,6, The cap wall is 1 foot wide and at El
84,5, The cap wall is less than a foot above
the earthfill, but there 1s no information on
the depth of the wall beneath the fill.
According to early inspection reports, the
foundation of the concrete section of the dam
rests on "hard pan" (glacial till) and the
earth abutments are on bedrock.

The upstream face of the concrete sectilon of
the dam 1s a reinforced concrete slab that
slopes at about 1l.5:1 (horilzontal:vertical).
The slab is supported by parallel concrete
buttresses. The buttresses and end walls of
the concrete sectlon form seven concrete bays.
One bay 1s 5 feet wide, and the remalning
bays are approximately 9.5 feet wide (see
Figure B-=2).

The floor slab is visible at the base of the
buttresses., As shown on Figure B-2, the

slab 1is at three elevations: 67.2 in the
center, and 69.4 and 71.0 in the west and east
bays, respectlvely. The underside of the
sloping upstream face intersects wlth a verti-
cal concrete wall at the upstream end of each
bay. The jolnt at the intersection of the two
walls 1s covered with gunite. Three of the
bays are relnforced by conecrete "frames" formed
by a vertical column attached to each buttress,
and a horizontal beam across the sloping wall.

The end butresses of the concrete section are
tled into the earth embankments by the cap
wall visible on the crest. The crest on each
slide of the cap wall is exposed earth with
local areas of erosion. The upstream face of
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each embankment is protected by riprap. The
downstream face 1s a steep, vine-~covered slope
ending in a nearly vertical stone retaining
wall. Both walls extend at an angle from the
end buttresses.

The splllway is an overflow weir whlch con-
sists of a rectangular notch recessed 1ln the
top of the concrete deck of the dam. The
crest of the welr is at El 83.5, which is 1.1
feet below the elevation of the deck., The
crest is flat, 10.6 feet long and 3 feet wide.
There 1s no approach channel to the weir other
than the sloping concrete face of the dam.
Flow over ‘the spillway drops vertically about
16 feet to the toe of the dam, There is no
chute or apron to channel the flow. The slope
below the welr 1s earth that was originally
protected by a pavement of small stones. Some
of the overflow would be funneled intc a
gunite and stone-llined channel downstream of
the outlet. The remaining flow could dils-
charge over Essex Avenue before draining to
Lower BanJo Pond.

There are no plans available showlng the
details of the outlet works. The outliet at

the dam is an 8-inch diameter pipe. The pipe
extends from an Inlet on the upstream face of
the dam to a polnt approximately 72 feet down-
stream of the dam, where 1t dlischarges 1nto

the gunite and stone channel, The submerged
inlet 1s recessed into the sloping upstream
face of the dam. The elevation of the upstream
end of the pipe 1s unknown, but assumed to be
approximately 66.,0. There is no trash rack
visible at the Inlet. The Invert at the outlet
end of the pipe 1s at El 57.4, The gate
chamber 1s one of the bays in the buttressed
section of the dam. Part of the pipe and the
gate valve housing are visible on the floor of
the chamber. Here the plpe appears to be
coated with tar paper; however, at the dls-
charge pelnt, the exposed plpe is c¢lay. The
gate valve housing 1s of cast-lron. The wrench
for turning the gate valve 1s not at the site.
The entrance to the chamber 1s closed by =a
wooden door which 1s kept locked by the Qwner.

An earthfill dike 1s located at the east end
of the dam, perpendlicular to the axis of the
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dam. It 1s approximately 170 feet long and Y
feet high., The crest and downstream slope of
the dike is covered with grass. The crest i1s
approximately 20 feet wlde and ranges In eleva-
tion from 84,6 to 85.2. The upstream face of
the dilke is falrly steep {(up to 1l:1), and
protected with riprap at the northern end.

The south abutment of the dike tiles into
natural ground in a wooded area. The north
abutment of the dike ties into the east abut-
ment of the dam. There 1s a house located on
natural ground just east of this abutment. The
downstream face of the dike grades into the
backyard of a residence.

Size Classification. Upper Banjo Pond Dam 1is
in the "small"™ slze category since 1t has a
maximum height of 17 feet and a maximum
storage capacity of 66 acre-feet.

Hazard Classiflcation. The stream draining
Upper BanJo Pond flows 1n a culvert under
State Route 133, and into Lower BRanjo Pond,
about 450 feet downstream of the dam. Factory
bulldings and a parking lot, all assoclated
with the LePage Division of Papercraft Corpora-
tion, are situated on the east side of Lower
Banjec Pond. Fallure of the dam at Upper Banjo
Pond would cause flooding of Route 133 and the
area of the lower pond. It 1s estimated that
Lower BanjJo Pond has less than half the
storage volume of the upper pond. Further-
more, flow from Lower Banjo Pond would be
restricted by the rallroad embankment down-
stream of the pond. The fallure flow confined
in this area could therefore result in con-
siderable property damage and possible loss of
life at the factory. Fer this reason, the dam
at Upper Banjo Pond has been clasgified in the
"high" hazard category.

Ownership. The dam is owned by the LePage
Division of the Papercraft Corporation, Post

Office Box 291, Gloucester, Massachusetts
01930. Mr. Arthur J, Douglas, Vice Presldent
of Manufacturing (telephone: 617/283-1000)
granted permisslon to enter the property and
inspect the dam.
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Operator. The dam 1s operated by personnel &at
LePage.

Purpose of the Dam, The dam was built in 1908
for the Russia Cement Company. The water in
the pond was used in the manufacturing of glue
from fish skins. LePage acqulred the company
about 1954, but no longer uses the water for
manufacturing. The pond 1is now used solely
for recreation by the local residents.

Design and Construction Hlstory. There are no
drawings or specifications avallable on the
original deslgn and construction of the dam.
Inspection reports by the Essex County Engl-
neering Department provide general information
on the condition of the dam and a record of
ripairs made to the structure (see Appendix

B .

Since 1925, the County inspectors have noted
the poor condition cf the concrete in the dam.
One report attributed the problem to poor
gquality of the orlginal concrete mix design,
Spalling, cracking and wet patches 1lndlcatilve
of seepage through the concrete were often
cited as evidence of deterloration of the dam,

‘Subsequent to the original construction in

1908, there were three separate periods of
repair and minor reconstruction. In 1926,
disintegrated concrete was removed from each
bay of the dam, and the surface prepared for
bonding new concrete. According to the 1926
inspectlion report, in each bay the whole space
from the intersecticn of the sloping wall with
the floor slab "to the point where the height
is about 7 feet is beling fillled with con-
crete'". The west wall (buttress) c¢f the west
bay was so badly deteriorated that nearly the
whole thickness was removed and a new wall
built next to it.

The 1932 inspection report stated that the
amount of seepage through the dam was somewhat
reduced since the time of the 1932 inspection.
The concrete "frames" had been added to two of
the bays for unknown reasons.
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In 1954 the County inspector reported that the
dam was in "very, very poor condition" (see
Page B-12), Significant cracks were noted in
the outlet structure and at each end wall of
the dam. The concrete was heavily spalled, and
seepage was visible through the concrete,

under the base slab, and at the Jolnts between
both end walls and the earth embankments. At
this time, the water level was 0.5 inch above
the crest cf the spillway.

In 1954, apparently as a result of the unfavor-
able report, extenslive repalrs were carrled
out at the dam by the Gunlte Restoration
Company. All disintegrated concrete was once
agaln removed from the buttresses and the
sloping wall. The holes were bullt up wilth
gunite to the origlnal construction, After
sandblasting, a wire mesh reinforcing was
added to the surface and then the entire area
coated with a 2-Iinch layer of gunite, The
discharge channel below the ocutlet was c¢leaned
out and the rubble stone sidewalls of the
channel were covered with gunite.

Later inspection reports stated that although
the repalr work may have strengthened the dam,
leaks and seepage around and under the con-
crete were still occurring.

No other major repalr or reconstruction work
has been done at the site since 1954, As dis~
cussed in Section 3 of this report, the dam 1s
st1ll in "poor" condition.

Normal Operating Procedures., The gate valve
on the outlet 1s operated on an irregular
schedule by the Owner., Due to the deterior-
ated condition of the dam, the Essex County
Engineer's 0ffice dlirected about 10 years ago
that the water level in the pond be maintained
at or below an elevation of 8 feet below the
spillway. However, at the time of the inspec-~
tlon, the water was 5 feef below the splllway.
The Owner reportedly visits the site after
periods of heavy raln to check the water level
and to clean out the discharge channel when
necesgsary.
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1.3 Pertinent Data

a. Drainage Area. The total possible drainage
area to Upper Banjo Pond 1s U448 acres (0.7
square miles)., However, the normal direct
drainage to the pond is about 38 acres of
steep, very sparsely developed wcodland. The
greater part of the watershed, about 410
acres, drains directly Iinto Fernwood Lake,
which 1s west of Upper BanJo. This area 1s a
comblnation of hilly woodland and about 20
percent swamp. There 1s no development in
the Fernwood Lake watershed. There are three
outlets from Fernwood Lake that dlscharge
during periods of high flow. Only one outlet, at
the east end of the lake, flows 1into Upper
BanJo Pond. Therefore, the actual dralnage
Into Upper Banjo 1s less than would be anticili-
pated based on the size of the total watershed.

b. Dilscharge. Normal discharge from Upper BanJo
Pond is through the 8-inch diameter outlet
pipe. The pipe extends from the gate chamber
below the crest of the dam to a V-shaped dls-
charge channel just upstream of Essex Avenue.
The channel 1s 24 feet long and lined with
rubble rock which has been covered with
gunite, At the downstream end of the channel
there 1s an inlet to a 3-foot wilde box culvert
under Essex Avenue. Flow through the culvert
dlischarges into a small stream north of the
roadway, and then into Lower BanJo Pond, which
1s about 300 feet downstream of Essex Avenue,

Discharge from the spillway drops vertically to
the earth slope below the concrete section of
the dam. Much of the flow would be funneled
into the discharge channel, and then the
culvert under Essex Avenue. Minor overflow
onto the road ls also llkely.

Hydraulic analyses indicate that the spillway
can dlscharge an estimated 35 c¢fs with the
pond level at E1 84.5, which 1s the elevation
of the concrete cap wall, The test flood
outflow (full PMF) is estimated to be 203 cfs,
wlth the pond at E1l 85.0., The spillway capa-
clty 1s 17 percent of this outflew. During the
flcod, the dam would be overtopped by a total
of 0-5 feet,
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d.

The maximum discharge rate at the dam is
unknown, In 1938, it was reported that there
was a low stoplog on the crest of the splll-
way, and water was "spillling or leaking
through". This is an indication of less than

1 foot of freeboard at the dam. There 1s, how-
ever, no record of overtopping of the dam or
dike.

Elevation (feet above Mean Sea Level (MSL)).
A benchmark was established at E1 60.5 on a
stone highway boundary marker. The elevatilon
1s based con a topographic survey of the City
of Gloucester.

(1) Top dam - Concrete slab and buttress
section: 84.6;
-~ Earth embankment: 84.5 (top of
concrete cap wall);
- Dike: 84.6
(2) Test flood pool: 85,0

(3) Design surcharge (original design):
Unknown

(4) ?ull)flood control pdol: Not Applicable
N/A

(5) Recreation pool: 75.5 (elevation as
directed by Essex County Engineer)

(6) Spillway crest: 83.5

(7) Ugstream portal invert diversion tunnel:
N/A

(8) Streambed at centerline of dam: 67.2
(9) Tailwater: N/A

Reservoir

(1) Length of maximum pool: 1,200 feet
(2) Length of recreation pool: 1,100 feet

(3) Length of flood controcl pecol: N/A
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e. Storage (acre-feet)

(1) gest flood surcharge (net): 15 at El
5.0

(2) Top of dam: 66

(3) Flood control pool: N/A
(#4) Recreation pool: 7.5
(5) Splllway crest: 55

f. Reservoir Surface (acres)

#(1) Top dam: 10.1
¥(2) Test flood pool: 10.1
(3) TFlood control pool: N/A
(4) Recreation pool: 2.6
(5) Spillway crest: 10.1
g. Dam
(1) Type - Main dam: reinforced concrete
slab and buttressed (Ambursen) with
earthfill embankments at each end
~ Dike: earthfill

(2) Length - Main dam: 140 feet

— Dike section: 170 feet
(3) Helght Main dam: 17.4
- Dike section: 3.6

(4) Top width - Main dam: concrete wall - 1
to 2.5 feet
= Dike section: 20 to 23 feet

¥Based on the assumption that the surface area will not
significantly increase with ohanges in pond elevation
from 83.5 to 85.0.
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(5) 8ide slopes - Main dam (concrete):
upstream - 1.5 to 1
downstream - vertlcal

- Dike section:
upstream - almost 1:1
downstream - 2:1

(6) Zoning: N/A
(7) Impervious core: N/A
(8) Cutoff: TUnknown

(9) Grout curtain: Unknown

Spillway

(1) Type: Broad concrete crest (notch in
concrete dam)

(2) Crest length: 10.6 feet
(3) Crest elevation: 83.5
(4) Gates: None

(5) Upstream channel: None. Upstream face
of concrete dam slopes up to crest of
spillway.

(6) Downstream channel: None. Flow over
splllway drops vertically 16 feet to
earth slope below. Dilscharge channeled
into stone box culvert beneath Essex
Avenue (Route 133).

Regulating Outlets. The regulatling outlet at
the dam conslists of an 8-~inch dlameter pipe
which extends from the inlet inside the dam to
the outlet discharge channel 72 feet down-
stream. The invert of the outlet end of the
pipe is at E1 57.4., Flow is normally controle
led by a gate valve locked Inslide the gate
chamber., Discharge is intc a concrete and
stone-lined channel whch leads to a stone box
culvert under Essex Avenue.

UPPER BANJO POND DAM
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2.1

2.3

2.4

SECTION 2
ENGINEERING DATA

General. ‘There are no plans, specifications cr
drawings avallable relative to the design, con-
structlion or repalr of this dam. There 1s one
plan, dated 1906, and entitled "Plan of Additilonal
Water Supply for the Russia Cement Co., Gloucester",
showing the topography of the pond bed prior to
construction of the dam. The plan is avallable
from the Essex County Registry of Deeds in Salem,
Massachusetts,

We acknowledge the asslstance and cooperation of
the Essex County Englineering Department; the
Massachusetts Department of Environmental Quality
Engineering, Division of Waterways; and Mr. Arthur
J. Douglas of the LePage Division of Papercraft
Corporation.

Construction Records. There are no constructlon
records or as-pbulilt drawlings for the dam or dike,
Previous inspection reports by the Essex County
Engineering Department provided a brief summary of
repalrs and post-construction changes at the site.

Operating Records. No operatling records are
avallable, and there 1s no dally record kept of
the elevation of the pool or rainfall at the dam
site.

Evaluation

a. Avallabllity. There is no englneering data
avaliable for thils dam.

b. Adequacy. The lack of detailed hydrauliec,
structural and construction data did not allow
for a definitive review. Therefore, the evalu-
ation of the adequacy of thils dam is based on
the visual 1nspection, past performance
hilstory, and engineering judgment,

¢, Validity. Comparison of the limited available
data from the Essex County Englneering Depart-
ment with the fleld survey conducted during the
Inspectlon indicates that the information is
valid for the Phase I Assessment,

UPPER BANJO POND DAM
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SECTION 3
VISUAL INSPECTION

3.1 Findings

2.

General, The Phase I Inspection of the dam at
Upper Banjo Pond was performed on April 20,
1979. A second vislt was made to the site on
April 24, 1979, for a further evaluation of
the structural stability of the concrete sec-
tion of the dam. A copy of the inspection
checklist is included 1n Appendlx A. Previous
inspectilion reports were conducted by the Essex
County Engineer's Office from 1912 to 1968, &
summary of those reports 1s included in
Appendlx B.

Dam. The dam is 140 feet long, and con-
structed with a buttressed concrete section,
flanked by earth embankments wlth a concrete
cap wall at the crest. The spillway and
outlet works are located within the concrete
gsection of the dam.

The dam 1s In poor condition. The most severe
signs of deterioration to the structure are in
the buttressed concrete section of the dam,
particularly on the downstream face. As
discussed in detail in the 1nspectlon check-
1list (Appendix A), signs of seepage, cracking,
spalling and efflorescence are evident on the
buttresses and upstream walls of the bays.
Accunulated concrete rubble, broken glass and
other debris cover the bottom slab, or floor
of the concrete structure. Photographs No., 4
and 5 in Appendix C are examples of the worst
condltions Iin the dam., In Photograph No. 4,
the vertical crack in the west buttress (in
Bay No. 7) shows evidence of seepage as well
as spalling. Several horizontal cracks and
some construction joints show heavy efflores-
cence. Scme cf the previous concrete repair
work 1s also visible on the buttress, Photo-
graph No. 5 shows the extent of the deterlor-
ation in Bay No. 2 (the second bay from the
east end of the dam). Seepage 1s apparent in
two heavily spalled areas on the west buttress,
and through a construction joint at the up-
stream end of the sloping wall.

UPPER BANJO POND DAM
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Much of the rubble from the spalling concrete
has accumulated at the foot of the buttress.
Also, the gunite repair work performed 1in 1954
shews numerous hairline fractures throughcut.
The gunite has fallen away in one of the
seepage areas, exposing the wire fabric that
was added to the wall before the gunlte was
applied. Not visible in Photograph No. 5 1s
the accumulation of orange-stained water in
the floor of the bay.

Photograph No., 6 shows the poor condition of
the conecrete in Bay No. 3, which 1s also the
gate chamber. Heavy efflorescence and
stalning, as a result of seepage through the
conerete, is visible in both buttresses and in
the upstream, vertlcal wall. In addition,
there is water dripplng from the celllng of
the chamber where the concrete 1s heavily
spalled and crumbling. Some steel reinforcing
is visible in the spalled areas.

There 1s a large crack in the upper part of

the right buttress (not shown in the photograph)
of Bay No. 3 that extends vertically through
the concrete deck of the dam, to the recessed
inlet in the upstream face of the dam,

Early inspection reports, and the condition of
the concrete during the most recent inspectlon
indlicate that the original concrete work was
not satlsfactory. According to the reports,
particular problems arose in the selection of
the aggregate and the 1nsufflclent density

of the concrete.

The upstream face of the concrete section of
the dam is a smooth concrete slope. Minor
spalling is visible at and below the present
water line, and some of the wire fabric is
exposed where the gunite has been eroded.
There 1s a horlzontal crack across the face of
the slope to the east of the recessed inlet to
the gate chamber.

The earth embankments on either side of the
concrete buttress dam section are in falr

conditlon., As shown in Photographs No. 1 and
2, there is no riprap protecting the upstream
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face where 1t abuts the sloping concrete slab
of the dam, Elsewhere along the embankment,
the riprap cover 1s relatively continuous.
The cap wall on the crest of each embankment
shows heavy spalling and chipping of the
concrete. ,

There is also a 1/4-inch wide crack through

the cap wall on the west embankment. Some repair
work in the form of gunite 1s apparent on the
concrete wall, The earthflll on elther side

of the cap wall is bare and heavily eroded on

the upper part of the slopes. A few small

trees are growing on the crest, adjacent to

the cap wall. '

The downstream slope and toe of the two earth
embankments are partially covered by vines and
brush. The stone retalinling walls of the
embankments are 1n poor conditlon. Both walls
were probed and volds up to 2.5 feet deep were
measured between the stones. The west wall
shows a slight bulge in the downstream direc-
tion. Some of the stones in the east wall are
fractured in place. The slope above the east
wall has an irregular surface, apparently
created by a rough stone pavement that has been
covered with soll and vegetation.

There are no slgns of seepage through the

earth embankments, although the amount of vege-
tation at the toe of the dam prevented a

¢loser inspection.

The embankment of the dike 1s in falr condi-
tion. The northern half of the upstream slope
i1s covered wlth hand-placed riprap. At the
southern end of the riprap, however, there 1l1s
a slight bulge in the slope and the rock has
slumped into the pond (see Photograph 8).
There are several trees growling at the top of
the slope, but there are no trees on the crest
of the dlke. The crest and downstream slope
are covered with grass. No seepage was
visible at the toe, however the water level in
the reservoir was below the elevation of the
toe of the zlope.
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Appurtenant Structures. The splllway 1s a
18.6—foot long welr recessed 1n the crest of
the concrete section of the dam. The concrete
work 1s in good condition, with only minor
spalling and effloresence on the left wall of
the welr, There 1s no approach or discharge
channel, Water flowing over the crest of the
welr drops vertilcally about 16 feet to the
earth slope downstream of the concrete dam.
With no splllway chute or spllling basin, the
flow wlll erode the soil on the slope, and
possibly affect the stabllity of the earth
embankments. According to one early ilnspection
report, there was. a pavement of small stones
protecting this slope from the effects of the
flow over the welr., However, thils was not
visible at the time of the inspection due

to the heavy growth of brush and a number of
small trees growing on the slope.

The outlet for the pond is an 8-inch diameter
plpe which discharges into a gunite and stone-
rubble channel about 72 feet downstream of the
dam. The visible portion of the inlet, above
the water surface, 1s in fair conditlon. A
crack extends across the headwall of the in-
let, through to the downstream side of the
conerete deck, Spalling in this area has
exposed the wilre fabric in the crack., The
inlet to the pipe could not be inspected due
to the debris accumulated on the water surface.
It is not known whether debrils was clogging
the 1nlet below the water surface. No trash
rack was visible.

As seen in Photograph No. 6 and discussed pre-
viously 1in Section 3.1.b., the gate chamber in
the dam 1is in poor conditicn. At the time of
the inspection, the pipe was visible above the
floor of the chamber., However, the Owner's
representative stated that the plpe is usually
covered with water. The source of the water
may be elther the seepage through the concrete
or a leak in the pipe or gate valve,

The pipe appears to be wrapped in tar paper
for most of its exposed length and encased in
concrete at the downstream end of the gate
chamber. The stem on the gate wvalve 1is
visible, but there is no operating mechanism
at the site. The Owner reports that the gate
ls operable, A wooden door on the gate
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chamber i1s locked to prevent unauthorilzed
operation cf the gate valve,

d. Reservolr Area. Development on the perimeter
of the pond is limlted to one house, located
at the east abutment of the dam. The pond has
a steep, rocky shoreline with dense woods
growing at the top of the bank, At the time of
the inspection, the water level in the pond was
about 5 feet below the spilliway crest, 3 feet
higher than the level recommended by the Essex
County Englneer. Discharge from Fernwood Lake
would enter Upper Banjo Pond by overflowing the
small dike at the. east end of the lake. The
8-inch pipe through the dike, which would
normally conduct the overflow from Fernwood
Lake to Upper BanJo, 1s blocked.

e. Downstream Channel. The discharge channel
below the outlet has a stone-paved flcor and
rubble stone slide walls covered with a thick

coat of gunite. The channel is in falr condition,

although there are several small trees growing
on its banks and overhanglng the sides. Minor
erosion of the ground surface has occurred
Just upstream of the outlet.

The dlscharge channel conducts flow to a stone
box culvert under Fssex Avenue, The headwall
of the culvert has partlally collapsed, block-
ing the 1nlet wlth a large section of grouted
stone, Downstream of Essex Avenue, the stream
discharges from the culvert at the headwall on
the north slope of the highway embankment.

The headwall 1s constructed of mortared stone
blocks.

Below the culvert, the stream continues in a
narrow channel through an overgrown, marshy
area. The channel at low flow 1s barely
visible., About U450 feet downstream of the
dam, the stream enters Lower Banjo Pond.

Evaluation., The wvlsual inspectilon indicates that
the dam 18 in poor condition and in need of exten-
sive repalr work to prevent further deterioration.
It is evident that the dam is not adequately main-
tained. Recommended measures to improve these
condltions are stated 1n Sectlion 7.3.
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SECTION 4

OPERATING PROCEDURES

Procedures. The Owner has stated that about 10
years ago, the Essex County Englneer requested
that the pond level be mailntailned at least 8 feet
belew the elevatlon of the spillway. However,
this level 1s not always malntained. During our
inspection the level was only 5 feet below the
spillway. The gate valve ls reportedly operated
Infrequently, usually when the water level gets
too high. Although the water has not been used for
industrial processing in many years, the Owner
attempts £o maintaln a sultable recreational level
in the pond rather than drain 1t completely.

Maintenance of Dam. There 1s no evidence of
recent maintenance work at the dam., According to
past 1inspectlion reports and the Owner, the last
program of maintenance was conducted 1n 1554 when
much of the detericrated concrete in the but-
tresses was removed and replaced.

Maintenance of Operating Facilities. There is no
record of any maintenance performed on the outlet
works of the dam. The Owner reports that the gate
valve 1s operable, However, the condltlon of the
pipe and evidence of seepage in the gate chamber
indicates that the operating facillties have been
neglected., The inlet to the culvert under Essex
Avenue was blocked by debris durlng the last
inspection., Thils condition was reported in
several earlier inspection reports as well. The
only recent maintenance work conslsted of
replacing the wooden door to the gate chamber as
it 1s frequently destroyed by wvandals.

Description of Any Warning System in Effect.
There 1s no warning system in effect at thnis dam.

Evaluation. There 1s no adequate malntenance
program at Upper Banjo Pond Dam, nor is there any
program of technical inspectlons or a warning
system In effect. This is extremely undeslirable
consldering the dam 1s in the "high" hazard cate-
gory. A regular program of inspection and main-
tenance should be implemented as recommended in
Section 7.3.

UPPER BANJO POND DAM
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SECTION 5
HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a.

General. The impounding structures on Upper
Banjo Pond consist of a 1li40=-foot long concrete
buttressed and earthfill dam, and a 170-foot
long earth dike. The crests of both the dilke
and dam are at approxlimately the same eleva=-
tion. The only regulating outlet at the pond
is an 8~inch dilameter pilpe controlled by a
gate valve whilch 1s housed beneath the crest
of the dam.

The total possible drainage area to Upper
BanJo Pond 1s 0.7 square mlles. However, the
direct drainage to the pond is limilted to 0.06
square mile of steep woodland on the perimeter
of the pond. Upper Banjo Pond can receive
drainage from Fernwood Lake, which 1ls immed-
lately upstream. The watershed for Fernwood
Lake 1is about 0.64 square mile of hilly wood-
land, and approximately 20 percent swamp.
Discharge from Fernwood Lake to Upper Banjo
Pond ls from the east end of the lake through
an 8~inch pipe (which 1s now blocked) or by
overflowing of the dike at this location.
However, the principal outlet at Fernwood Lake
is a splllway which discharges directly into a
brook leading to the Annisguam River. A third
cutlet at the south end of the lake also
discharges some of the high flows out of the
Upper Banjo watershed. As a result, the peak
flow to Upper BanjJo Pond 1s less than that
indicated by the size cf the drainage area.

Below the dam, the spilllway and outlet from
Upper Banjo Pond discharges to a stone box
culvert under Egsex Avenue and into a natural
stream channel. The stream discharges Iinto
Lower Banjo Pond about 450 feet downstream.

The 8-inch outlet pipe can discharge a flow of
approximately 7.l cfs when the level of the
pond is at E1 83.5, the crest of the spillway.
From that elevation, and with no additional
inflow into the pond, the cutlet can lower

the pond by 1 foot in about 17.2 hours.
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Maximum storage in Upper BanJo Pond is estil-
mated to be 65 acre-feet. The Essex County

- Engineering Department had previously recom-

mended that the water level in the pond be
malintained 8 feet below the spillway crest
elevation, This was presumably a safety
measure enforced due to the poor condition of
the dam.

As part of the Phase I investigation, preliminary
calculations were made to determine the effect
on overtopplng potential of malntaining the
pond level 8 feet below the spillway. It was
determined that the direct drainage intoc Upper
Banjo Pond would eliminate any flood storage
created by the lower water level, The test
flood outflow from Upper Ban]o Pond would
therefore be equal to the inflow from Fernwood
Lake, and would overtop the dam. Additlional
hydraulic analysis in a Phase II investligation
would be required to determine the effective
flood storage volume for Upper Banjo Pond,

Design Data. There are no hydraulic or hydro-
logic computations available for the deslgn of
the splllway at Upper Banjo Pond Dam.

Experience Data. Hydraulic records are not
avallable for this dam, There 1s no record of
overtoppling at the dam.

Visual Inspection. The splllway at the dam
consists of an overflow welr recessed in the
crest of the buttressed sectlon of the dam.
The crest of the splllway is 10.6 feet long
and at El1 83.5, which is 1 foot below the top
of the cap wall, and 1.1 feet below the crest
of the dam.

There l1s no chute or stilling basin on the
splillway. Water flowlng over the spilllway
drops vertically about 16 feet to the earth
slope at the toe of the concrete structure,
Reportedly, when the dam was built thls slope
was protected with small stones. However,
there was no evidence of any stone protection
during the inspection.

The outlet for the dam 1s an 8-inch pipe that

discharges 1n an open stone masonry and gunite-

covered channel about 70 feet downstream of
UPPER BANJO POND DAM
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the dam. This channel would alsc collect some
of the overflow from the splllway. The gate

~valve 1s housed in a gate chamber which is also

one of the bays in the concrete dam. According
to the Owner, the gate 1s operable and was
partly open at the time of the inspection.
There are no plans available showlng the
details of the outlet works. The invert cf the
outlet end of the plpe is at E1l 57.4.

The entrance to the culvert under Essex Avenue
1s blocked with debris, mostly fallen rock and
concrete from the headwall., If the gate valve
were opened completely, the discharge would
probably back up at the culvert and overflow
the highway. The Owner reported that this 4id
happen in the past, when the gate valve was
opened by trespassers at the site.

Additional observatlons of the conditilon of
the dam and appurtenances are given in Sectilon
3, Visual Inspection, and in Appendix A,

Test Flood Analysis. Upper Banjo Pond Dam has
been placed in the "small" size category and
in the "high" hazard category. According to
the Corps of Englneers' guldelines, a range of
from one-half to full PMF rate should be used
to evaluate the capacity of the spillway at
the dam, The full PMF rate was chosen for
this analysls., As described in Section 5.l.e.
of this report, only part of the discharge
from Fernwood Lake 1s diverted into Upper
BanjJo Pend. Therefore, for this analysis, the
test flcod inflow rate was first calculated
for Fernwood Lake from its watershed, The
spillway at PFernwood Lake had flashboards
mounted on the crest at the time of the inspec-
tlon, thereby reducing the amount of availlable
storage. The test outflow from Fernwood was
calculated with and without the flashboards in
place. The outflow was then adjusted based on
the elevation of the dike at Fernwcod Lake and
the capacity of the channel between Fernwood
Lake and Upper Banjc Pond. Finally, this peak
outflow rate was added to the inflow calcu-
lated from the direct drainage area for Upper
Banjo Pond.
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The PMF rate for the Fernwood Lake watershed
is 1,750 cfs per square mile of dralnage area.
This calculation is based on the average slope
of the drainage area of 2.5 percent, the pond-
plus-swamp area to dralnage area ratic of 20
percent, and the U.S. Army Corps of Engilneers’
gulde curves for Maximum Probable Flood Peak
Rates (dated December 1977). Applying the
full PMF rate to the 0.64 square miles of
drainage area results in a calculated peak
flood flow of 1,124 c¢fs as the test flood
inflow. By adjusting the test flood inflow
for surcharge storage, the maximum total dis-
charge rate (flashboards in place) was estab-
lished as 1,010 cfs (1,578 cfs per square
mile) with the level of the lake at E1 93.9.

The followlng summary of data from the figure
on page D-4 of the hydraulic computations
shows how much of the total discharge from
Fernwood Lake reaches Upper Banjo Pond by
overflowlng the dike:

Flow, cfs Condltion at Fernwood Lake
180 Flashboards on splllway
130 No flashboards on spllliway

The peak inflow to Upper Banjo Pond from the
dlrect dralnage was then calculated using a
PMF rate of 3,000 cfs per square mile, The
full rate times the 0.06 square miles of
direct drainage results 1n a peak test flood
direct inflow of 174 cfs. As shown on page
D-5 of the computations, the direct Inflow is
combined with the ocutflow contributed frcm
Fernwood Lake. The resulting test flood peak
inflow to Upper BanjJo Pond is 203 ¢fs wlth the
pond level at E1l 85.0. Since the water level
at Upper BanJo Pond wlll be at a higher eleva-
tion due to the dlrect inflow, no adJustment
for storage is made for the combined test
flood inflow. Therefore, the inflow is equal
to the outflow from Upper Banjo Pond.

Hydraulle analyses indicate that the spilllway
at Upper Banjo Pond can dlscharge a maximum of
35 ¢fs with the pond at E1 84.5, which is the
elevation of the cap wall, This discharge 1s
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17 percent of the test flood. During the test
flood, the cap wall would be overtopped by

0.5 feet. Discharge over the wall would be at

a rate of 1.20 cfs per foot of width. The
depth at critilcal flow would be 0.35 feet, at
a velocity of 3.4 feet per second.

Dam Fallure Analysis. The peak discharge rate
due to fallure of the dam was calculated tc be
3,700 cfs, assuming a 17.4-foot head. Failure
of the dam would procduce a flood wave approxi-
mately 5.5 feet high at Route 133 (Essex
Avenue). Some of the flow may spread west
down the highway, but the major impact will
occur directly north of the highway in the
vicinity of Lower BanjJo Pond and the factory.
Based on the calculations, failure of the dam
at Upper Banjo Pond would cause a 9.8~foot
increase in depth at the lower pond. The
increase 1s due to the fact that there 1s only
a limited outlet from Lower Banjo Pond. The

" bedrock knoll and high railroad embankment

near the factory would prevent the flood from
spreading intc the tidal area north of the
ponds.

The combination of the flood wave and flooding
as a result of the rise in water level at
Lower Banjo Pond could cause considerable
damage and possible loss of life. The impact
would be experienced particularly in the lower
filoor of the factory buildings, and In the
parking area. For this reason, the dam has
been placed in the "high" hazard category.
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SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stabllity

a.

Visual Observatlons. The evaluation of the
structural stabllity of the dam at Upper Ban]o
Pond 1s based on a review of the availlable
data, chiefly previous inspection reports, and
visual inspections conducted on April 20 and
24, 1979.

As a result of the visual inspection, the dam
was found to be in poor condition and requir-
ing repairs and/or restoration to prevent
further deterioratlon. Seepage, cracking and
severe spallling was noted in the concrete
sectlon of the dam, particularly on the down-
stream face. The heavy growth of vegetation
on the downstream slopes of the earth embank-
ments prevented a closer inspectlon of this
area for seepage or settlement. It 1s recom-
mended that the Owner employ a qualified
consultant to further evaluate the conditilon
of the slopes and the stabllity of the
buttressed concrete section.

Degign and Constructlon Data. The dam was
constructed in 190¢. There are no plans or
specifications availlable showing the design
and construction of the concrete dam or the
earth embankments. HNo other information 1l1s
available concerning the concrete mix design
or concrete strengths, type, shear strength or
permeability of the soil in the embankment.

An inspectlon report by the Essex County Engl-
neering Department, dated April 24, 1912, is
Ineluded in Appendix B. According to the
report, the dam is constructed of heavily
reinforced concrete., The concrete foundation
is 10 feet deep and rests on a "hardpan"; the
abutments of the earth embankments are founded
on bedrock. It 1is not known whether the con-
crete wall on the c¢rest of the earth embank-
ments ls a core wall which extends the full
height of the dam, or simply a cap wall buried
a few feet into the embankment.
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Operating Records., There 1s no instrumenta-
tion of any type in the embankment at Upper
Banjc Pond Dam, and no instrumentation was
ever installed at this site. The performance
cf the concrete dam and/or embankment under
prior loading can only be inferred by physical
evidence at the site.

Post-Costructlon Changes. The post-
construction changes noted in previous inspec-
tion reports generally conslsted of repalrs to
the concrete in the buttressed section of the
dam. These changes were also described 1n
Section 1.2.,h. Design and Construction
History. 1In 19206, concrete was added to
provide additional strength in the bays
between the buttresses on the downstream face
of the dam. Much of the spalled concrete was
also removed and replaced at this time. In
1934, concrete "frames" consisting of two
vertical columns and a horizontal beam were
built at the entrance to three of the bays.
The only other repalr work consisted of apply-
ing gunite to the surface and replacing any
badly deterliorated concrete in the bays and
buttresses. This work was done in 1954, No
other post-construction changes were reported.

Seismic Stabllity. Upper Banjc Pond Dam 1is
located in Seismle Zone No. 3, indicating that
there is a poftential for majJor damage due to
earthguakes in this area. This classification
is based on the intensity of past earthquakes,
and does not indicate the probablllty of such
events in the future. The highest intensity
earthquakes for this area were VII and VIII on
the Modlfled Mercalll Scale, and occurred in
1727 and 1755, respectively. There is no
record of any major selsmlc events since 1908
when the dam was built,

The effect of a high intenslty earthquake on
the stability of the concrete section of the
dam ls unknown, particularly on the deterior-
ated butiresses. The pertinent data required
for a selsmic stabilllity analysils is not avail-
able at thils time. Information ls requlred on
the 1n situ properties of the concrete, embank-
ment material and foundatilon material.
Considering that the dam is 1in the "high"

UPPER BANJO POND DAM
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hazard category, a seismic Investigation
should be conducted as recommended in Section
Tele

UPPER BANJO POND DAM
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SECTION 7

ASSESSMENT, RECOMMENDATIONS,
AND HEMEDIAL MEASURES

7.1 Dam Assessment

a.

Condlition, Based upon & review of avallable
data, and the visual inspection of the site,
the dam at Upper BanJo Pcnd has been found to
be in poor conditlon, and in need of substan~
tial repailrs to prevent further deterloration,
In general, the deficiencles which must be cor-
rected to assure the continued performance of -
the dam are as follows: severe seepage
through the buttressed concrete section of the
dam; heavy spalling, cracking and efflores-
cence 1n the concrete of the buttressed dam
and the cap wall; erosion and missing riprap
from the upstream face of the earth embank-
ments and the dike; erosion on the crest and
downstream slopes of the embankments; lack of
£ill behind the retainling walls on the down-
stream slope of the earth embankments, lack of
adequate protection on the earth slope below
fhe spilllway; blocked entrance to the culvert
under Essex Avenue; and trees and dense vegeta-~
tion growing on the slopes of the dam and the
dike.

Hydrauliec analyses Indicate that the splllway
at Upper Banjo Pond Dam can discharge a maxl-
mum of 35 c¢fs with the pond at E1 84,5, which
is the elevation of the cap wall. An outflow
test flood (full PMF) of 203 c¢fs willl overtop
the dam by 0.5 feet. The spillway can dis-
charge 17 percent of the test flood before the
dam 1is overtopped.

Adequacy. The lack of detalled deslgn and
construction data did not allow for a defini-
tive review. Therefore, the evaluation of
this dam is based on a revliew of the avallable
data, the visual inspection, past performance
and engineering Judgment.,

Urgency. The recommendations and remedial
measures outlined below should be implemented
UPPER BANJC POND DAM
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7.3

d.

by the Owner within one year after recelpt of
this Phase I Inspectlon Report.

Need for Additional Investigation, Additional
investigatlons to further assess the adequacy

of the dam are outlined below in Section 7.2,

Recommendations.

Recommendations. In view of the concerns over the

continued performance of the dam, 1t 1s recommended
that the Owner engage a qualified englneering
consultant to:

8.

Conduct a more detalled hydraulic/hydroclogilc
investigation to evaluate splllway adequacy
and overtopping potential. Untill the results
of this investigatlon are known, the Owner
should maintaln the water level in the pond
at least 8 feet below the splllway crest, as
agreed to previously with the Essex County
Englneer.

Conduct a complete geotechnilcal and structural
investigation of the dam, including the stone
retaining walls. The Investigation would
determine the present static and selsmic
stability of the dam and should include develop-
ment of recommended repair procedures.

The Owner should implement the recommendations of
the englneering consultant,

Remedial Measures

Q.

Operating and Malntenance Procedures. It 1s
recommended that the Owner accomplish the
followling:

(1) Repalr or replace deterilorated concrete
_ work on the dam in accordance with the
recommendations of the consultant.

(2) Initiate a program of selective clearing
of trees and brush from the embankments,
particularly the downstream slope. All
excavatlions for stumps and roots should
be backfllled with select materials.,

UPPER BANJO POND DAM
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(3) Backfill the eroded areas on the crest
and the upstream slopes and replace any
mlssling riprap on both the dam and fthe
dike,

(4) Remove any trees, brush, and vines from the
slopes of the dam, and from the toe of
the slope immediately below the splllway
cverflow.

(5) Protect the toe of the dam, below the
spllliway, with riprap or other suitable
paving materlal to prevent eroslion of the
earth slope by overflow from the weir.

(6) Contact the State Highway Department to
clear the debris and repalr the head wall
at the entrance to the Essex Avenue
culvert.

(7) Implement a systematic program of main-
tenance inspectlions. As a minimum, the
inspection program should consist of a
monthly inspection of the dam, dike and
appurtenances, supplemented by additlonal
inspections durlng and after severe
storms. All repalrs and malntenance
should be undertaken in accordance with
all applicable State regulations.,

(8) Perilodic technical inspections of this
dam should be continued on an annual
basis.

(9) Institute a definite plan for surveil~
lance of the embankment during and after
periods of unusually heavy rainfall and
establlsh a plan to notify residents in
case of an emergency at the project.

UPPER BANJO POND DAM
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7.4

Alternatives. The alternative to implementing the
recommendations and remedlal measures listed above
would be to drain the pond and breach the dam.

Another possible alternative would be to perman-
ently maintaln the water level at a lower eleva-
tlen., This elevation would be determined by a
qualified engineering consultant. In conjunction
with this alternative, the dlke at Fernwood would
probably have to be ralsed to prevent Inflow to
Upper BanjJo Pond.

UPPER BANJO POND DAM
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APPENDIX A

PERTIODIC INSPECTION CHECKLIST



PERIODIC INSPECTION

PARTY ORGANIZATION

PROJECT UPPER BANJO POND

TIME 10:00 A.M.

WEATHER SUNNY, 50'S

w.s. ELEV./8-6  y.s._- Dn.s.

PARTY:
1, M. Larson 6.
5, 5. Plerce 7.
3, W. Checchi 8.
4. H. Lord 9.
5, P. Tilton_ 10.

PROJECT FEATURE INSPECTED BY REMARKS
1. Dam Larson/Pierce/Tilton

Spillway and outlet Larson/Branagan
3.
4,
5.
6.
7.
8.
9.

10.

pageA"lof 11



PERIODIC INSPECTICN CHECK LIST

pROJECT UPPER BANJO POND DAM DATE 4-20~79
PROJECT FEATURE RIGHT (EAST) EARTHFILL NAME M. LARSON
B
DISCIPLINE GEOTECHNICAL NAME S. PIERCE
u/s = ypstream d/s = downstream
AREA EVALUATED CONDITIONS

DAM EMBANKMENT

Crest Elevation

84.5 (cap wall)

Current Pool Elevation

78.6

Maximum Impoundment to Date

Unknown

Surface Cracks

Heavy spalling, some cracking and exposed
aggregate on cap wall

Pavement Conditiocn

No grass on earth crest just brush and
trees, dense root system

Movement or Settlement of Crest

None visible

Lateral Mcvement

None visible

Vertiecal Alignment

Heavy erosion on either side of cap wall

Horizontal Allgnment

Straight

Conditlon at Abutment and at
Concrete Structures

Right abutment ties into abutment of dike
fenced in and overgrown with brush

Indications of Movement of
Structural Items on Slopes

Concrete steps just d/s of slope-covered
by leaves and brush;no apparent movement

Trespassing on Slcpes

Foot traffie

Sloughing or Erosion of Slopes
or Abutments

D/s: irregular slope, pitted surface formed
by rough stone pavement covered with earth
and vegetatilon,retaining wall in poor cond.

Rock Slope Protection - Rilprap
Fallures

U/s: missing riprap, erosion, many small
trees at top of slope

I ¥ s

Unusual Movement or Cracking at
or near Toes

No movement, visible, some fracturing of
ktones in retaining wall; Voids behind
wall, probed to 2.5 feet

Unusual Embankment or Downstream
Seepage

None visible - toe covered by brush

Piping or Boils

None visible

FPoundatlon Dralnage Features None
Toe Drailns None
Instrumentation System None




, " PERTODIC INSPECTION CHECK LIST
UPPER BANJQO POND DAM 4-20-79

PROJECT DATE
TEFT TWESTY EMBARKNMENT
PROJECT FEATURE EARTHFILL EMBANKMENT NAME M. LARSON
DISCIPLINE GEOTECHNICAL NAME S. PIERCE
AREA EVALUATED CONDITION

Earth sections flanking conc. buttréss—

ed dam. Concrete cap wall on crest; d/s
slope also has stone masonry retaining

DAM EMBANKMENT

Crest Elevation - walls. 84.5 (cap wall)

Current Pocol Elevation ‘ 78.6

Maximum Impoundment to Date Unknown

Surface Cracks None visible in earth section; one %'wide

crack thru cap wall, slightly cffset

! t
Pavement Condition ‘éﬁiﬁﬁép‘%&é&nﬁeg‘éi%épm‘a’ﬁéle&%ﬁegﬁﬁ geree
ear 1 are

Movement or Settlement of Crest | None visible

Lateral Movement None visible
iginally f1 heayi ded
Vertical Alignment ﬁsggmgiggsgogaca wall, 2?1 aga}fe%z eroce
aputment
Horizontal Alignment Cap wall angles towards downstream
- Lert abutment i1s bedrock knoll, covered
Condition at Abutment and at with trees, foot gaths; cap wall ties
Concrete Structures into concrete section of dam

Indicatlions of Movement of

No Struct 1 It
Structural Items on Slopes Structura ems

§S%§ traffic; ag};o%{owth of Erees‘ &

Trespassing on Slopes es, oné bus ng out oI cap

d/s— gavy erosion by foot traffic and

Sloughing or Erosion of Slopes runo _
or Abutments u/s-erosion adjacent to right abutment
Riprap Tissk:ligg fromlrigat u/g r:xgut:lim.ntél
- .minor sloughing; elsewhere hand-place
Rock Slope Protection Riprap riprap in %airgéondition P

failures

Ng movexﬁnﬁ v%s%bie. Di]S. retﬁiging w%ll
Unusual Movement or Cracking at Eegtfgdswa ].tha.lé1 Sftsg.t a‘fﬁgs% 5322- rom
or near Toes EE%HQ ng,pP up to 2 . ft.behind wall.

None visible; seepage limited to concrete
Unusual Embankment or Downstream| section of dam, particularly at abutments

Seepage ‘ with earth embankments

Piping or Boills None visible

Foundation Drainage Features . | Nomne i
Toe Drains None

Instrumentation System None
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PERIODIC INSPECTION CHECK LIST

PROJECT UFPER BANJO POND DAM DATE  4-20-79

PROJECT FEATURE CONCRETE BUTTRESSED SECTION NAME M. LARSON

DISCIPLINE GEOTECHNICAL NAME__ 5. PIERGE
Upstream Slope :

1. Steep, smooth concrete slopé {approximately 30 angle)

-good to fair condition, possibly gunited; expansion joint visible at
right end of spillway;

-horizontal crack along face of slope, to right of recessed inlet, about
5.6 feet below crest;

-spalling visible above and below waterline; wire fabric exposed near
waterline (1' high by 2' wide)
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PERIODIC INSPECTION CHECK LIST

PROJECT  UPPER BANJO POND DAM DATE  4/20/79

PROJECT FEATURE CONCRETE BUTTRESSED SECTION NAME M. LARSON

D/S face
DISCIPLINE GEOTECHNICAL

NAME . PIERCE

Beginning at right (east) abutment of dam

Bay No. 1
{with concrete inner "frame"):

Bay No. 2:

Bay No., 3:

Bay No. 4:

~ gpalling heavliest at base of buttresses;

~ = concrete missing from base of right buttress,

d/s end, moisture collecting at same location;

- horizontal crack in overhanging slab{cap),
heavy efflorescence, stalactites at joint of
sloped back wall and "frame";

- evidence of guniting on all walls;

- floor concrete, mossy, moist;

-two blocked pipes protruding from right buttress.

" -heavy spalling, particularly on left (west)

buttress; wet, crumbly areas; one 2,5 feet square,
up to 3-inches deep; wire fabric (2-in. mesh)
exposed; one oblong, up to 6 inches deep, orange
stained, wet. More spalling along this wall,

and at base of right buttress, about 5 inches
deep;

—exposed steel in cap, visible efflorescence;
large crack through top of left buttress, about
one foot below cap;

~-floor covered with orange water, rubble concrete,
stone, and debris,

exterior of gate chamber

~gpalling, efflorescence;

~large crack in upper part of right buttress
crack continues vertically through cap;

~locked wooden door set in concrete frame, door
recently replaced due to vandalism

-also has a concrete inner "frame"

—entire area shows spalling, worst up to 3-inches
deep; right buttress shows signs of patching;
-cracks, efflorescence, everywhere;

=guniting in construction joints;

~joint between cap and left buttress open, no
apparent bearing for cap wall;

-some exposed rebar;

-floor relatively clear, dry, concrete. Much
broken glass.
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UPPER BANJO POND DAM

Bay No.

Bay No.

5:

-spalling everywhere, but not as severe, hole
in sloped wall; .

-many hairline cracks, efflorescence;

-poor job of guniting, particularly at inter-
section of sloped wall and u/s vertical wall;

-evidence of patching in left buttress;

-3, 1-inch pipes protruding from u/s vertical
wall, all plugged

-floor is concrete, relatively clear, except
for broken glass; moisture in right corner,
u/s end of bay, but no standing water.

-4 horizontal cracks across u/s wall and
sloped wall; heavy efflorescence, dripping
water, and few stalactites;
~horizontal crack about 1.5 feet from base of
left buttress; less efflorescence on buttresses
than on u/s wall;
—guniting at joint of u/s wall and sloping wall;
-4, 1-inch plugged pipes protruding from u/s
wall;
-floor covered with water, rocks, and crumbled
concrete; moisture along base of all 3 sides
of bay.

Bay No. 7, with inner frame:

-spalling, heavy efflorescence u/s of frame;
and at d/s end of left buttress, at vertical
joint with stone masonry slope of earth em-
bankment; water is dripping out of this joint;

-guniting at joints, particularly between u/s
wall and sloping wall;

~-few pleces of rebar protruding from walls;
also a few plugged pipes;

~generally poor concrete construction; every
construction joint is obvious.
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PERIODIC INSPECTION CHECK LIST

UPPER BANJO POND DAM 4-20-79
PROJECT DATE
PROJECT FEATURE DKE NAME M. LARSON
DISCIPLINE GEOTECHNICAL NAME S. PIERCE
AREA EVALUATED CONDITION

DIKE EMBANKMENT

Crest Elevation

Earth embankment at right abutment
of dam; d/s slope grades into backyard
84.6 to 85.2

Current Pool Elevation

78.6

Maximum Impoundment to Date

Unknown

Surface Cracks

None visible

Pavement Condition -

Grass crest, flat;few trees roots on

Movement or Settlement of Crest

crest
None visible

Lateral Movement

None wvisible

Vertical Allgnment

Relatively flat

Horlzontal Alignment

Straight

Condition at Abutment and at
Concrete Structures

No structures; ties into natural ground
at ri§ht inte dam at right;house at left
abut.fence on dfs side of crest and
enclosing abutments

Indications of Movement of
Structural Items on Slopes

Nomne

Trespassing on Slopes

Birch trees at top of riprap,overhanging
slope; bushes

Slcocughing or Eroslon of Slopes
or Abutments

face; considerable

Very steep ripra
slope, due to water and

erosion on top o
foot traffic

Rock Slope Protectlon - Riprap
Failures

-abutment;stones moved

U/s: toe of riprap rises toward right
in area of bulge;
riprap slope failure next to it.

Unusual Movement or Cracking at
or near Toes

Apparent bulge In one area of u/s slope;
movement of riprap evident

Unusual Embankment or Downstream
Seepage

None visible; lilac and pines planted at
toe; garden shed and garage.

Piping or Boils None
Foundation Drainage Features None
Toe Drains None
Instrumentation System None
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PERIODIC INSPECTION CHECK LIST

proJEcT  UPPER BANJO POND DAM DATE 4=20-79

PROJECT FEATURE_S. [LLWAY NAME L. BRANAGAN

DISCIPLINE HYDRAULIC NAME M. LARSON
AREA EVALUATED CONDITION

QUTLET WORKS - SPILLWAY WEIR,
APPROACH AND DISCHARGE CHANNELS

a. Approach Channel

No channel, spillway is notch cut in
concrete crest of dam

General Condition

Loose Rock Overhanging
Channel -

Trees Overhangling Channel

Fiocor cof Approach Channel

b. Welr and Trainlng Walls

Spilllway cut 1nto concrete section;walls
are about 1 foot high

General Condition of
Concrete

Goed to fair

Rust or Stailning

None

Spalling

Left wall is cracked and spalled

Any Visible Reinforcing

None visible

Any Seepage or Efflorescence

Some efflorescence in left wall

Drain Heles

None

¢. Discharge Channel

Discharge drops 17 ft.straight down to
earth slope below dam

General Condition

Very poor-no real channel until about 70
ft. below dam

Loose Rock Overhanglng
Channel '

Discnarge egen%uéIl; funnell%d to
concrete and stone magontry . frough lead-
ing to culvert under EssekX Avenue.
Trough in fair condition

Trees Overhanging Channel

Small trees

Floor of Channel

Reportedly lined with riprap,now
obscured by soil and vegetation

Othgr Chbstructions

Entrance to culvert blocked by fallen
rock and material from "headwall'

page A-8ofll



PERTIODIC INSPECTION CHECK LIST

PROJECT UPPER BANJO POND DAM DATE 4~20~79
INTAKE CHANNEL FOR
PROJECT FEATURE QUTLET NAME M. LARSON
DISCIPLINE GEOTECHNICAL NAME S. PIERCE
AREA EVALUATED CONDITION

OUTLET WORKS -~ INTAKE CHANNEL AND
INTAKE STRUCTURE '

a. Approach Channel

No channel; recess in concrete of
u/s face of dam

Slope Conditions

Bottom Conditilons

Rock Slides or Falls

Log Boom

Debris

Condition of Concrete Lining

Drains or Weep Holes

-b. Intake Structure

Intake recessed into concrete face of dam
3' Vert."headwall''then 2 to water line

Condition of Concrete

irack . gcross dwall, contjnuous. t
gi%o?% einsgggg ng, %éavy wire fabric

Stop Logs and Slots

None; floating debris at inlet

c. CONDULIT

Outlet pipe is 8 ~inch diameter clay pipe in open trench on floor of

gate chamber.

Pipe covered with tar paper inside gate house.
in concrete downstream of gate valve.

Encased
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PERIODIC INSPECTION CHECK LIST

PROJECT FEATURE GATE CHAMBER NAME M. LARSON
DISCIPLINE GEOTECHNICAL NAME S. PIERCE
AREA EVALUATED CONDITION

QUTLET WORKS - CONTROL TOWER

a. Concrete and Structural BAY #3 is also gate chamber
General Condition Poor
‘ ] Poor-efflorescence In joints in ceiling and
Conditlon of Joints walls .
Conslderable spalling, crumbling on
Spalling ceiling, walls
Steel reinforcing exposed in spalling
Vislble Reinforcing areas
Concrete efflorescence .
Heav fflorescence on i1 and walls;
Any Seepage or Efflorescence %’ﬁgﬁégé pi‘a‘js_l vom ceilfngi Realy Seepage
Joint Alignment -
Owvmer reports that floor of chamber usuall
Unusual Seepage or Leaks in filled wgth water,some standing water ggw.y
Gate May be seepage thru walls or leak in gate
Cracks Mostly spalled; No cracks visible
Rusting or Corrosion of Steelfles
b. Mechanlcal and Electrical

Alr Vents

Flcat Wells

Crane Holst

Elevator -
Hydraulic System None
Service Gates None

Emergency Gates

Gate valve on exposed 3" diam.pipe-wrench
not at site; gate partly opened

Lightning Protection System

Emergency Power System

Wiring and Lighting System
in Gate Chamber

None - natural light from screened section
of Bay, above doorway
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PERIODIC INSPECTION CHECK LIST

4-20-79
PROJECT TUPPER BANJ(Q POND DAM DATE
M. LARSON
PROJECT FEATURE OC LET CHANNEL NAME
GEQTECHNICAL
DISCIPLINE NAME S. PIERCE
AREA EVALUATED CONDITION

QUTLET WORKS - OUTLET STRUCTURE

AND OUTLET CHANNEL

Stone masonry open channel, gunited
surface

Good to fair

General Condltion of Concrete

Rust or Staining

None

Spalling Very minor
Erosion or Cavitation None
Visible Reinforcing None
Any Seepage or Efflorescence None
Condition at Joints N/A
Drain Holes None

Channel

Ground surface u/s of outlet discharge is

eroded;d/s channel] leads to eculvert

l.oose Rock or Trees Over-

hanging Channel

Branches and bushes overhanging channel.
Floor of channel is paved with stones.

Condition of Discharge
Channel

Inlet to road culvert is blocked by faller
section of stone and concrete wall

Below Essex Ave. culvert discharges at
granite block headwall in steep slope.
D/s area filled with trash, brush and

‘trees. Stream channel poorly defined.
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APPENDIX B

PLANS OF DAM AND PREVIQUS
INSPECTION REPORTS

Figure B-1, Plan of Dam and Dlke
Figure B-2, Sectons through Dam and Dike

Figure B-3, Fernwood Lake Spillway and Earth
Dike

Previous Inspection Reports

Page
B-1

B-2

B-3
B-4
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Gloucester D. 11 : .

1917, Xarch 26. ‘Vatershed 0.3 sq. m. lax. ht. 17.0 ft. Apparent
condition, Good. :

1925, Oct. 28. R. R. Evans, Insp. Dam on south side of Zssex Ave.,
Russia Cement Co., owners., This is a reinforced concrele dam of the
"apmbursen® type. The concrete on the side away from the water shows
sone disintegration and reinforcing bars are exposed over a consider-
able area at the east end near the lowest part of the slab, The water
in the pond is very low at time of inspection, so that very little -
lcakage would be expected, but the slab shows wel patches on the under-
side &t points below water level., Apparently gravel was used for the
agaoregate in the concrete and thére are indications that there imay have
been considerable dirt in it, and the concrete in places seems of poor
guality especially in the west abutment wall. There is no evidence of
ever-stress or of incipicnt failure in any part. Frortions of the con-
crete should be cut avay and replaced with new, especially where tLhe
rods are exposed. It would appear that more water might flow over this
dam than could be caked Tor by the culvert across the road below., This
culvert is no part of the dam., Iir. Jewett knew this inspection was io
be made but did not accompany us.
. . —
1925 Report to Co. Cormm, Same as ahove.

1926, Hov, 16. R. R. Evans, Insp. Dam on south side of Essex Ave.
Russia Cenent Co., owners. o notice of these repairs had been given,
but hazppening to pass the dam on the above date, I noliced work in
progress and stopped to investigate. Talked with H¥r. lardy (or Hardinc)
wvho seems to be in charge of the work, but the equipment is marked with

the nase John 8, Pomeroy. There is an air compressor at work and the
concrete on the under side of the sloping slab is being roughed up for

a width of two or three feei where it is sowe seven feet above the
bottom slab and the partition walls and boitom slab are also being
roughéd up and all disintegrated concrete renoved in each cowpartmznt
ol trhe dam, Wt this roughening does not extend the entire distance
to the point where the inclined slab eets the votton slab.  In pl=zces
neles are being driven through the partition walls and dowels placed =17
in each compartment the whole space from the intersection of the tuwo
slabs out to the point where the height is about seven feet is baing
filled solid with concrete., The concrate which is Leing rourhed up
shows sound and hard and rods where exxposed are not rusted. fThe o
excepltion so far as the arca exposed when I was there is concerned
the west wall against the fill which seems to Le of very poor conc:
and practically the whole thickness of this wall is being renmoved,
a fHew wall built outside it., About one-half the compartinents have t:
filled &nd work is in progress on those remaining. Sand and gravel

;
Haegstroms banX on Zastern Avenue is being used without scrcenins., So

i

L

£y

ook i

v
S D b e

far as can be determined ny visual inspection, the sand and pravael
satisfactory and the new concréte seems geood. . Verdy spesks of wo
proofing the water face of the slab with asohalt but I do not unders

that this is fully decided upon.

1928, Get. 5. €. C. Barker, Insp. Dam on the southerly side of
EeseX Ave., is owned by the Russie Cement Coupsny, end holds the watar
Tor manufacturing purposes. I gave a copy of the notice to R. A. Jew-
ett, Supt., who inspected the dam with me. In case of failure much

cnage wonld resvlt and the main highway just below the dwam would e
washed oul and possibly the pond at the Ruesia Cement Company plant
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would over-flow and do some damage to their buildings. It is not like-
ly that there would be any loss of life. The conditions -are the same
and there have been no changes, except to make repairs to “prevent leak-
age. ‘The top of the dam and slopes are in good condition. The water lov
today is seven or eight feet below the top of the dam, Lhere is quite a
little leakage under the dam next to the end bays., There is some leakwr:
through the concrete in the bay east of the spillway. Nr. Jevwett says
the dam was patched and repaired by a local contractor in the spring
of 1927, and does not leak any vwhere near as much now as it did then,
Kext year it will have to be repalred again in other places.

(i9L8 hev Be AR Lpans Theplie vatn i irgest

71928 Report to Co. Comm,~ Hussia Cement Co. Dam south of Essex Ave.,
a reinforced concrete dam, At the time of our last inspection, I callad
attention to the disintegrating concrete in the dam south of Essex
Avenue and this has been repaired, alihough I understand that further
repairs are contemplated. I visited the dam on ¥oveaber 30th, at which
time there was practically no water in the pond, so that tJGre was no
percolation through the concrete, but I understand that there is such
percolation in times of high water.

. 1930, Sept. 16. C. €. Barkeér, Insp. Dam on the southerly side of
Essex Ave.,, is owned by the Russia Cement Co,, and holds the water for
manufacturing purposes. I gave a copy of the notice to R. A. Jewetlt,
Supt. Ho one inspescted the dam with me. Failure of this dam wounld
cause a great deal of damage., The main road just below the dam vould
ve washed out, the lower pond would overflow and damage their buwildinge
and possibly the rallroad, It is not likely there would be any loss of
life. The conditions are the same and tliere have been no changes since
the last inspectlon., The dam seems to e in fair condition except t*?t
there is quite a little leckage underneath and smeaage through the da
Water level is 7 or 8 feet velow the top.

1930, Nov. 10, ‘R. R. Evans, Insp. Sractically no water in pond., . -
Palching done a few years ago seems effective., Can see no cvidence of
disintegration now in progress. )

, :

1930 Report to Co, Comm, A dam on the south side of Essex Ave, forun
a small pond imsediately below rFernvooed Lazke, and is owned by the Fuszic
Ceﬁcnt Co. This dam is of the Ambursen type and failure would result
in.danage to the roadway and by over-fleowing another pond imuedistely .
below might resull in dazage 1o the buildings of the Russia Cement Co.
The pond was practically ehpty at the time of inspection, tut it wsuld
seemn that the patching of the concrete done a2 few years ago has reduced
secpage to a considersable extent. The structure is apparently safe =znd
in-fair condition.

1932, Aug, 2. C, C. Barker, Insp., Nr. Jewelt, Supt., did not ac-
company me to the dam., -The conditions are the same and there has been
ne change, - The dam is in fair condition except there is a great deal
of leakage. The water level is about 3 feet below the top of the spill-
way., There is a great deal of legkage in and under the two end bays at
gach end of the dam. There are a few bushes on top at the westerly end,
which should be cut, .

1852, ¥Wov. 2, R, R. Evans, Insp., Thoere is considerable s
olc convlete but no apprecisdle disintesration is in eviderce
irs vere 'nde a fTew yeirs 500 ¢ sealrly full,
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132 Report to Co. Comm., There is a dam on the south side of Essex
Avenue belonging to the Russia Cement Company near their plant, It is o
concrete dam of the smbursen type and is of some importance =s it would
cause damage to the state highway imnediately below if it failed. Tt
has shown c¢-nsiderable icakarce at all our previous inspections znd sho.s
it today. The concrete has been repaired within recent years uwhere so.s
of the reinforeing rods were exposed, It is in substantially the same
condition now as &t the time of my last report, and while T could hard-
ly say without gqualification that the structure is in good condition, I
see nothing about it to indicate that there is danger of failure orp
that any iummediate repairs are required,

1934, Sept. 28, OC. ¢, Barker, Insp. I gave a copy of the notice to
Nr. Jewett, Supt, He did not go to the dam with me. Although I under-
gtood Mr. Jewett to say nothing had been done in the past two years on
this dam, it seems that O two concrete posts 13" x 17" with a 17" x 12V
beam across their tops have been built against the walls and apron in :
east bay and the bay just east of the spillway. There does not seem to
be as much seepage or leakagq_gas before and the dam is apparently in

‘good condition. The water leVel is about 5 feet below the top. Last

May Mr. Jewett had a diver examine the inner slope of the dam, he found

it in pood condition and nothing to causec any worry. The conditions
are the same. '

193¢ Report to Co, Corm, The dam on the outlet of Fermwood Lake on
gouth side of Esgsex Avenue 1s of some considerable importence and nas o .
conslderabls leakage at previous inspections. Some repairs have
apparently teen made and it seems to De in fair condition,

1956 August 10, C,C.Barker, Insp,. I gave & copy of the notice to
Mr, Jewett, Supt. He did not go to the dam with me, Tis dam saems
to be in pgood condition aboub the same as when last inapected. Trero
18 not ag much scepage ag some times.  There ls some leaksge in the
second bays from sach end, There has been no change. - Vabter lsvel
is about four feet from the top.

1936 Report to Co,., Comm, The dam belonging to the Russia‘CQment .
Company, on the south side of Esgsex Avenue, scems to be in substantiell
the seme condition as when last inspected, with no indication of zppar:
danger although showing considerable leaskege as In the past, .

1¢38 October 26, C,.C,PRarker, Inspe I gave & copy of the notlece to
Vr, Jewett, There is some dlsintegratlon of the concirete In several
placea, - The counterfort betwesen the first end sccond bays from the
eaaterly end of the dam i3 cracked and disintegrated eight inches in
at the bottom of the flrst bey abt the guler edge and eight Inches down
small stream of waier Ls flowing out through the counter fort, In thro
bay, east of the spillway, at the top on the spillway level t%ere is &
lzrge crack in the concrete spron through which water 1s seeping, alzo
there is a crack and disintegration at the top of the counterfort on i
east side of this bay. The water level is 1 foot Delow the top of thau
damt, at the level of the spillway. . Although the pond is full there dc

" not seem to be as much seepage as ab previous Inspections,

UPPER BANJO POND DAM
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1938 Novenmber £, R.E Lvans, Insp. With lr, Barker looked at
concrete dam of Ambursen type belonglng to Russia Cement Company on
Essex Avenue in Gloucester. The pond is full. There is & stop log
in the overflow and some water is gpilling or lesking through,. A few
of the concrete buttresses show cohsicderable spalling near thelr tops at
the outer face of the apron and disclose a concrete which doed not look
to be of very goed gusliity. There are somé cracks in the slab through
wnich a small amount of water 1 seeping. No reinforcing bars are ex-
posed. The overflow from the apillway falls from a conslderable height
onto the ground which here is roughly paved with very small stone or
riprap, which apparently would be eroded 1if water should overflow the
full capscliy of the spillwaye. =~ There is so ligtle freeboard in this
dam above the spillway elevation that the practice of malintaining even
a low stop log in the apillway Introduces danger of a washout in the en-
baniment, It has been sgvated in past reports that the amount of water
held back is small and except for damage Lo state highway the ownsr of
the dam would apparently be tho only cone liable to damage by sny fallure

of ite.

1938 Report to Cc, Comm, The dam on the south side of Esgex Aveniu:
below Fernwood Lake, above the plant of the Russia Cement Company, is a
conerete dam of the ambursgen btype, and at varlous times In the past re-
palrs have been made by cutting out disintegrated concrete and replacirg
with new. There arc today some further parts which should be s0 re-
paired. The spillway in this deam 18 narrow and its creat is about one
Toot only below the highest part of the concretre apron, and a stop log
hag been placed in this spillway so that when the spillway is In action
there is practically no freeboard, Although overtopping might safely
occur in a dam of this type under some condltionsg, the earth embanluents
extending both ways from the dam are lictle, if any, higher than the
¢rest, and would also be overtopped, and the only provision azgalnat
erosion of the earth at the toe of the dam is a pavement of small stoncs
which would soon be cub.out if the water overflowed to any consicderabls
depth. The amount of water retained by the dam is small but probvably
enouzh to cause- some damage to the state highway immedlately below and
to the plant of the Russia Cement Company, the owners of lthe dam, if a
washout should ocecur, Removal of the stop log wvould be of some benefit.

1940 vUct, 4, C.C.Barker, Insp,. I pgave a copy of the nosice to
¥r, Jewstvt, Supt, 'he concrete ls disintegrated and spalled off in
several places, from the easterly abubtment in the firsu, third and {ifuk
counverforts and the wesbterly abubtment, I'ne counverlort on the easd
side of the middlie bay 1s badly disintegralted and cracked at the top,
‘this should be repalred, Although the water level is about 7 feet
below tne top of the dam there Lis somo SECPHUTC . Mr. Jeweut intends o
make some repalrs on this dam this fall,

19240 Rewnort to Co, Comm. The conex ete dan on the south side of
Zasex Avenue below Fernwood Lake shows quite cvtcns;ve deterioriation
since last ins ﬁectwo“, and was then stated to Te in neéd of re:q*fs, als’
the pond level is raised Loo high by use of a stop log. Repalrs shounl?
net now be delayed, and 1t Is unlerstood that they are in contemplation
for this Fall.

1242 huge 3, C.C.EBarker, Insp. I gave a eopy of the notice o ¥r,
5 i

Jewelt, Suph. Ho repairs have been mzde on this dam sinee the last
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spection, = The concrete 1s badly disintegrated and the leakage 1s about
the same. e counterfort on the east side of the middle bay is iIn
poor condition, belng cracked and disintegrated at the top,. The water
level i1s ahout 7 feet below the top of the dam., Tis dam should be re-
paired and Mr. Jewebt wants to 3o something about it. There has not
been any change.

1942 Report to Co, Comm, The conecreté dam on the south sgide of
Essex Avere below Fernwood lake shows meore deterioratlon and 1s very muen
in need of repalrs whiech were contenplated but as yet have not been dons.
This dam should be repalred now.

1644 July 25, S,Y.Yoodbury, Insp. I gave a copy of the notice to
Mr. Jevett, but visited the édam alone. The water level 1s 3.0 ft.
below the lip of the spiliway (Sez slieteh on back of sheet 1 Tor locatlio-
of loaks, etc.) Yo repalrs have been wnade since the last inasnection,
but ¥r. Jewett plans to repatr the dam next year, The condition of the
dam seems Lo he abouit the same as last reportel. Tnie culvert scross
Essex Avcnue 1s almost nlocked.

1944 Report Lo Co, Comm, Tae concrete dam on the scuth side of EgseXx
Avehuo, below Fernwood Iake, for the past few ycars hag been deterioratins
very wuch, and the concrcte in many places hasg dlsintegrated and there is
much leakage. Repairs have been contemplated for some time and should
be made ag soon ag posslble without further delay.

1946 Sept. 20, S.7.YWoodbury, Insp. I gave a copy of the notice to Mi,
Jewett and went to the dam alone. This dam 18 in very poor condition ard
attention ghould be given to 1t to see that it is strengthened. o
repalrs made since last inspectlion, Nr. Jowett says he plans to make
repairs next August when the water is low and vhen it is quiet at the plan
Viater level today 1s 6.3' below crest of spillway. Leaks ars ssme asg
last reported. Conditlon of the dam is seme,

1946 Report to Co,. Comm, The ccnerete dam on the south side of Zssex
Evenae below Fernwood Iake is In exceed: ngly poor condition and the
conerete is badly disintegrated. it nzeds to be strengthened and repalin
This should be doiie. Repairs are contemplateg.

1648 Sept, 30, S, 7, Woodbury, Insp. Gave a copy of the notice %o
¥r, Joweblt and wiBnt to dam alone, Purther inspection is nceded to sce
that revairs are made, No repairs since last inspection, Vater level
today 2.5' below crest of spillway. Leaks: same. Condition of darm:
fame.,

1648 Report to Co. Corm, The concrete dam ovmed by the Russia Cement
Company, south of Essex Avenus below Fernwood Lake, is in a very poor
condition, IYuch more disintegration has taken place in the concrete
since the lest inspcetion in 1946, and no repairs have been made, This
dam should be thoroughly repaired and put in geood cendition, and, wuntil
that 18 done, the walter in the pond should be kept at a low level.

1950 Sept. 19, S.W.%oodbury, Insp. Left a copy of the notice for Mr.
Jewett at his office and went to daia alone. Further inspection needed t=o
* see that repairs are made, A cinder driveway has been buillt to the dan
and conerete steps to the top of the dam, but no repairs have been nade

B-11
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to strengthen the dam. Water level today: &6 Tt. below crest of splll.
WaY e Leaku? samo,. fiondition of the dam is the same, A ssction of
concrete about 12" deep and 10 ft. long between the spillway and the
gate 1ls sbout ready to fall off,

1950 Report to Coe Comm, The Ryssia Cement Company's concrete das,
south of Egsex Street below Fernwood Lake, is in very poor condition,
much worse than when last inspected. Ne répalrs have been made, but
should bse Unless this dam is repaired externsively and strengtlened,
the water above the dam should be kept at a very low level.

1952 Septs 25, E.H.Page, Inap. Gave a copy of Lthe notice to Mr.
Jewett at his offlice and went to the dam alcne. No repalrs since last
Inspectlon, “ater level today: 5 ft. below crest of spillvay. Vot alor
toes Gondition of the dam is the sane. The 10! long 12" deep piece
of cone, between gate and spillway is still in place, -

. 1952 Report to Co. Conm, The Russia Cement Company's concrete

dem, south of Esgex Street below Fernwood Lake, is still in very poor
condition and there I3 much seepage as no repalrs have been made since L
last Inspection. This is a very important dem and should be repaired or
the pond kept at a very low water level,

1954, WMay 19, E.H.Pege and J,0.Harmazala, Insps. Elev., of water:
1/2" of water over spillway. Seepage through conc, A lot of
zcepage at the tos, Minimum freeboard with 21l pessible step logs
“etc. in place: 13", - Spalling cone. Very, very poor condition,
Channel below spillway should be paved and channel entrance opened up.

Should remove slot for flashboards. Bad crack and leak at Junction of
dam and wing wall on bbth ends of the dam. Very bad crack at outlet
structure. Spalling one. and in some places rotted away into reinfor:
ing. ‘ o : .

- 1954 Report to Co. Comm, LePage's conerete dam, south of Essex
Street below Fernwoed Lake, has been extasnsively repalred by the Cunits
Restoration Company. A1l the disintegratad concrate in the decwnstraam
face of the dam and the ccunterforts was chiseled cut to sclid concr=zte.
In some places this meant geoing in to a2 depth of two and one-half fleet.
Then this was bullt up in layers by gunite to the origlrnal sectlon.

On. the pond side of the dam, all cracks and cocnstructlon Joeints were |
V~-grooved to solid concrete, The whole area was sandblastsd to remove
dirt and slime. ent pins were driven 1into the cconerate at two feet

on centers Lo hold the wire mesh reinforcing. This was then coated wiih
a two inch ccating of gunite. The channel belcw the dam at the culvert
entrance has been cleaned and the rubble side walls gunited., Thare is
still some seepage through the construction Jjoints in the dam.

1956 Sept. 13, E,H,Page, Insp. Elev, of water: 1'-11" below
spillway, Leaks: A place at the westerly end where 1t is pipes
through vnder the conc, slab, Condition of dem: PFair. This dam
was repaired by gun methed of placing conec. This strengthened the dan
considerably, out Tfailed to stop all the leaks, A crack that was gunit
has shown up again at the drewolf and also at the westzrly end zt the
wing wall.

1955, Qet. 21, E,H.Page and J.0.Harmzala, Insp. Repairs have ueon
completad. Sonz leakage throvgh the core, but two major leaks zare

B-12 '
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" No repalrs since

Glouczsier D, 11 o ‘ _ D. 11 Sh. 7

at the ends, - Water 1s coming around or under the ends. Top looks excellc

1956 Report to Co. Comm. LePage's concrete dam, south of Essex
Street, was repaired by the gun method of placing concrete. This
‘strengthened the dam considerably, but falled to stop all the leaks,

The largest leak 1s at the westerly end where the water is plping through
under the concrete slab between counterforts. This water may be coming
under the dam or around the end. Cracks that were gunited have ghown

up again at the drawoff and also at the westerly end at the wingwall,

1958, Jan. 2, E.H.Page, & A.A., Insp. Elev. of water: 0.1
over splllway. Culvert opening below dam plugged almost solid with
leaves. I removed a 5 gallon paint bucket from the opening.

‘ 1958, Deec, 30; E.H.Page & K.M.Jackson, Insp. Blev. of water: 8" bali:
No flashboards. Condition: Falr. There 1s still a lot of seepage throuz!
the . cong. Entrance to culvert below dam has some debris that should e

. cieaned,

. 1958 Report to Co. Comm. At Le"age's concrete dam, south of Essex
Avenue, water is leaking through the concrete as previocusly reported.
The largest leak is at the westerly end where water is piping through
under the con¢rete slab bhetween counterforts. This water may be coming
under the dam or around the end. Cracks that were gunited have shown

- up agaln at lhe drawoll gate and auv the westerly end at the wingwall,

1961, January 12, E,H.Page & P,D.Killam, Insps, Elev. of water:
2" below spillway. Leaks: Same . Conditlon: Sane.

1960 Report to Co, Comm. At Lep'age!s concrete dam, south of
Essex Street, water 1s leaking through the concrete as previously
reported, The largest leak is at the westerly end where water is
piping through under the concrete slab between counterforts. This
water may be coming under the dam or around the end, Cracks that vere
gunited have shown bp again around. the drawoff gate and at the usste-ly
end of the wingwall.
1862, Dec. 1I, K.M.Jackson, Insp. Owner: Johnson & Johnson, Inc,

ast inspection, Elev, of water: About 1' ¥ below

top of damn. Condition: Same as report of 1660,

1962 Report to Co. Comm. At TePage's concrete dam, south of Essex
Street, water is leaking through, as previously reported,. The largest
leak is at the westerly end whére water is piping through under the conera”
slab between counterforts, This water may be coming under the dam or are:
the end, They have lowered the water level in this pond.

1064 Dec. 29, P.D.K. & K.M.J., Insps. Water is leaking under concis
slab between counterforts. This dam leaks at various places accordlng
to water level.

1664 Report to Co., Comm. Water is leaking under concrete slab
petween the ecunterioris. Water level in the pond 1is 6 feet below the
spillway.

B-13
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Gloucester D. 11 . D, 1)1 3Ih, 8

'

1966 April 17, 1987. P.D.K. & K.M.J., Insps. Conditions same,

1966 Report to Co. Cumm. A erack in the concrete wall at the easterly
embankient 1s leaking water. Concrete is spallirg.

1968 March 26, 1969. P.D.Xillam and J. Fitzgerald. There is some spalil
on the easterly counterfort. No leaks observed today.

B-14 UPPER BANJO POND DAM



——

Note:

APPENDIX C
PHOTOGRAPHS

Locatipn and directlon of photographs shown on
Figure B~l in Appendix B.
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NO. 2 UPSTREAM FACE OF DAM..IA‘_ND LEFT EMBANKMENT

UPPER BANJO POND DAM
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NO. 3 DOWNSTREAM FACE OF DAM, BAYS
4 THROUGH 7 AND LEFT EMBANKMENT

NO. 4 SPALLING IN LEFT WALL OF BAY NO. 7

UPPER BANJO POND DAM
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NO. 5 SPALLING AND SEEPAGE IN BAY NO. 2

Y. s ——
s i - S

NO. 6 OUTLET PIPE AND GATE VALV
STEMIN GATE CHAMBER (BAY NO. 3)

UPPER BANJO POND DAM
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NO. 7 CONCRETE AND STONE CHANNEL BETWEEN
OUTLET PIPE AND CULVERT UNDER ESSEX AVENUE

NO. 8 VIE OF DIKE FROM LEFT ABUTMENT

UPPER BANJO POND DAM
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COMPUTATIONS



METCALF & EDDY. ENGINEERS

Project MCU‘: /PZ W.ek.’ 01‘[ /f/anFeJ. Dawms Acct. No. & 256 Page ! ot “
subject _ £ 55@x Cou n-lc}f , Marr. Comptd. By _ LZLZ bate é///?:;

Detail UPPER RBaAnMJO PouD Ck'd. By w.c. Date &/22/7¢

@ General

Upper Baujo has a limited direct dvaiiage avea of
about 0.0858 mi* [talso receives dvawase frow Fernwood
Lake which tlhas a dracvaae aveo of abovt 0,642 ml
Howeuev‘ Fewnuuooal LIQS ‘fwo fv:uaf')(e ovt fets: one
over o weir t6 a brook which yuans foward Fhe
Annisguam River; the Secoud 15 via « pr 2 and
iryequlavr ovev laud chaunel fo U/:/:er BauJ'a Lo wck .
Mwecueu', ed the very bhiab Fos«d levels arroe (atel wfh

a 7—65# F-/aoc(, F€vv~woa§ Lalee how e @y ecteod fo
G‘V&V-F(ou.,_; ow 148 $ou~!-k%b—l e Yoweard Wallace (Zoud,

The hurdrau/r'c' awalysis will determine Tesd Flood fevels

1n Feenweod {o‘f tHep ! c1scoerateod e al ou—l-.Ffou +a

UFJOEV @auj'o«\_ﬂﬂ-c ;9?a[¢16(rv‘r€rf‘ ..(‘(c-w +OU e r BauJ'g

will 6o esttmated | aud adyustedunig the S.CS TR SS

Table €3 qued an @ctimate twe of comcentrat ron’ ard

He vresud added 4o the [Dﬁafc vete gyaw Fevunwood fo

7, FQV Ba wjo fo dedevmin g ?’kf Test Food ‘GQV UPPQY
Q\A\Sa, STuee U[J/Der Bahjo worl! be a4 a hf‘l‘ﬂ elev. dvr

to cdive ot f'*'!{'fow , ho stovaae veduetion Lill be made
1o the Tesd Flood .’m.((ow S Thous: TE @, = TF Qaut
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Project Nat. Keuview o{- NoulTed. lL/ams . .,  W@I3Nto Page &= __of _ L1

Subject _.._E.i.‘..._-x COUV'"""’ Mass., Comptd. By L2 & Date ("Jr’,/’q

Detail _ Bay Q’”D Cxk'd. By W C. pate .2.£23/79

{ .F'E'Euwoab %AKG B ] l [ ' l
| Test Floo SToreqe K= S-Fovo.L FUV\C"'N-W\I o

. I-— n‘f'a! DVar»:na-g-t Av’ea - Ot @42‘"! (f?rﬂ&vaod (.alze)

2= POnd(5) Area: R
| Swawmp(s) Avea: o+ oru-‘owor - o IZ_']_

o127 |

T ZPM?““W?-W-____“ 2o %

|

|
7_7‘5./ Area [Brdes) € Swampls) ! o127 o ! |

|

|

el | B
L woe 9
3 . 5'000-2 -'"02»,6-; }S-a‘i Aue S(OM 3 5—7

Lo USIM.J C.o {\& (Uvu-er PeaL wa Iaa-'t.t.o a.éa-u-( aquide
. U&iuis the, Peale Flow Rate was ertimates 4o Go 61098" to n‘“‘é
 Coagdal“than E‘oum ared talan at 750 c.{:./

, 5"'39 Clase ! Small (-i¢3qv.:.?a+.. H!jh $Sprit Des, F[an -ADF«»N PHF

jL;__',,.;__,___HAUse TestFloed = “Foll PMF ‘
. 5= 7&51" Flood [VI{{Ow = :-(,-,'ro) 0‘541:;_1[34&{9_1

k- Pond 51"ov'o.q¢
The povd avea 5,047 Sg. mis a# ‘elev. ‘h.'r(fap{!mu)
o BQSCJ on a Const. avea ) Sf'oro. iricréases
- at 30. 3 ae. -Fe.u‘ [ {om'- «f d‘lp#a (vcreere,

e e e i et s 4 B 18 8 | e % e m e A R oneanr n o b e 4 41w ameay et s

: 7- 5Pr/fwa‘1 cren‘ efeu. /s 907 ("”P f/ar‘ 60‘ "IS)

' | 6 S-I-o\raje_ Fuuc Liows gre 6a_ceci omn Qﬂuf- "@,,,[/ ‘"‘

"Sout = 51‘ofa3e Vol, 14 Resenvor, /\.dtL'(‘eo( {odﬁnd okt “
‘ lo J-e,u“f of neber ag ram. oved e ratnage aaca.

5@ hrebes) = 12 D (RoF2) <0.885 Dy R<Ghr vum of sl

' D = Stovoge depth in feet aboue sprifway crué m resevuely
Q- Stovaae Functions i (Test Flood & 1% PufF-if. needed)
| Fe =l124 - 59,) S =124~ 523D
| Frewe= 562 ~ $9.4 S =542 - 523D
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Project _NC‘L'!' /?@Vlgw OINOM f‘—ed DQ M S Acct. No. _@3.& Page 3 of j}

- Subject ESS X C,ODV""‘-{ 3 MC’[ £J- comptd. By LEE Date 6/( /7?
Detail Upper Ranio Pombd Cd. By . c. Date &/23 (39

Fevnwoed Lake - Discharge Relations
- A - 525//&/4:4 |

L

A5SUWI{ cicchar e Cowntrolled Zalfauj wel‘rfdce: nat
~ excqe& calaac. afchavuel, Crest 1'-0 o\C flasb boards clouw, 917
-- Use W l(m.mr € Hajr ; dr Tables":
_ (20.8Y (71 92,8 (43,8) (94,9 {92, 3 (72.3°
Poud €. 92 93 9 4 g 9¢ 94.% 93.¢
0,58 4.9 .48 19,73  29.37 15 4 796
- g /6 oo 230 390 595 110 o
/Uo{-e bUfHaou-F({a..rA boards , cverl @l 15 90,5 Sswe dicch at above bt /2 £ lower
— B~ Outlel to Upper Ban {o
) Lip, Crestol dilbe @el 928+ , 65 (¢ (quove 8P prpe
- Uso g = 2.7 H"V-Jre, "Low Daws" -(??qeai’;. -t}ajéﬂ
foud €. 3.0 44 G445 G5 93.§
_ s 26 230 3% S0 (te®

C" C"\dnne‘ 1"0 UPpcr Bau\-ja

5 ~
$:735 , n¥oes

w’ﬁ 7} v.scfﬁ"’«fzor({) -2;?%
vy Ié.t 4

~ | . ssume PLA @el. 866 on MEEsurvey
. RA N A= 8q4™
Adj X-S'ecf falkewn {wa To’oo DwJ a4 e, BS”

Wpo #

- A VvV @ £ PLE
- ' oo .7 1345 ! ?{G’ B !MSPecJ“ton J chaunnel +D Uf’Pe" l3nuJ0
32 368 Tf'?' 886 should not reStvict Llow ovev ouvtletdike
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LSS

D OVeV’-ﬁow Yo Wallace Pound (wea cut off secttain of Feviwsed)
— Todal /euaﬂ«‘f%oo (¢ 4l etev, 43,0, Use 3 R (';H“s D?e(VTCi«:aw pe S ]

Pend ¥, =~ 94 940 Y 93,8
. @» 76 ¢ 1410 2leo 2710
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Subject :llllmlhnm.lnrﬂw.sf.hk yJIagg Comptd. By

Detail

Ueper Bamio Powp

6356
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Page &. of \\
Date “N\.w..\.unw

Ck'd. By

w-C.

oate _&/23%125

@ ﬁ.&.\s EQOL hns...rﬂ -..m.m.m,ﬂ?s.ﬁ.m& m.u.\o.\.ﬁmham.\inms (V% 1 @Sn\ m.\ﬂ._\;

Q
, . i Q
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Vs CIE 80 cds o nvb.
w
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u
h i
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AT L\\ ] _ .w
" W ~
f
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Project _Naf. leeV!éQ sf Mon fed, Pans sono. @386 Page 0 ot __I{
Subject Essex Cg‘-“"’{"-f ; MQ"T Comptd. By L--{E Date 6/4 /‘79.
Detail UPPE‘:E BANJO POND Ck'd. By W-[' Date _a/z'? /?6‘

@ FZ:Z/( I ngg_)_j’_b“m(‘/ipper Bavnic Poud.

I~ Tim e of Coue, v,(ov ‘FQVMWOOCJ Leke
E’?Q( D‘er.o{ S ’bwf;) Secers EA y P 7!]

/ 3y 0,385 g (1)? Eisd l *
— fi9 L AT €PN ~
2o (W) T () = e houre = ot e

XAt T2 mey be "'jht?- ‘°H3¢v cdue o lake S-Fovxat,Ho_uueuer vee Tr 020 hr.ako.
2- Frak D"V.e’c‘;" /rf‘.-.[\/ow }lb,(/‘/::pe_v'BamJo

NER e 800 5’:‘75—% , PME = 3ooo c.{(}/sjr.m‘

Fotl FMF . 30006 (. 053) /74 C-FI

Yo PME o X4 (MY 87 < cfr

ey

—E = [?:,C};,Zr} T 009 heuns. e 0.1 A (T,"_-_-o)
S=Diz 2l 326D 5: 5= que
Vo R = (74 -249.9D .

Fppur = 87-29.9 D

3~ Conmbine Fernweod £ Diveet Flows 1o Deterwmive Pesk. Flow Rater

- Ee{ ,' 5‘» C! g.'. Téf C . Ré{. ¥ S-S’ lj T:.‘ole :"3) *a e:{, e{ﬁgj o{ 7; £ 4
Full PMF .
With Flash boards ! Real @, = 180 + 174 (52=) = 203 efs.
[-T4 Peaﬁ-@d. = /80( 55 #1974 x /93 ,,I(,-,
withoot Flash boards ; Feat Qs 130 + 1Ny ?’%}) = /53 ,7{,,.-

i Pet,ﬁ.o ISa(:‘a).H?q = 128 :ﬁ-
Vo PME
Wit Flash boavds ; Pecl @i 8o + 8‘7(‘, ) 92 efs
or Pesk @y, Bo(ﬂ‘)fav = 96 ¢fr.
Withwot Flashboards i Peal §; = 40 + 37(.".’ =52 %
or Peab@,..‘t&o;;%)qsg-; - 91 i;
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Project A/"’{" Red'ew o[ /Uo“ F.e d hd Da M acct. No. é 5.5—'@ Page 6 of ”

Subject Esse x Cou“*’f ,Mass. Comptd. By LEE Date /479

Detail u PPE{Q BA/U go’ POU-D Ck'd. By 'J) < Date b/?_‘g /‘:}9

@ Uppev Bavnyo - Dischavge Relatisac
A - SPiI{-Wﬂq
M i

Width 10,6 £+ | of. 83.€ | Use w;um..;fyajp.,','Hwy_méfe.c"

[oned Elew 84 es 8 & 83 86.s 845 85%

l.2o .09 13.01 21.60o b 3.23 2,32
a: ke 60 14 6 230 180 35 (oo
8. Daws Cres$ = Leh5+h '60:5', el BY6 , cale. as above
Found €lew. 85 85 8G §6.5 87
s 5o 10 I3 Szo 40
C-Cop wall Crest ~ Lengtl 'y el 84.5, cale,as above
Poud Elew. 8s 85§ Bt 8. a7
G o 23w 430 ¢so o .
O - Dike Cregd Flow - Lauau too's | Ave.el. 84,7 ﬁ,:‘:a.rs'(H)M
Found Eleu 85  B8s§
&s 40 150

@ Cvrest Flow

T.F Fond £1, 85,0

L.P Crerf 84.3"
Meax HA o8 -F\L:

. 'Mf‘dr 726. Y E = 20 c,[.r/ﬂ

Ae cvitrea| {fow.’
Yye= oasfe ,Ves 3.4 fi/sec

Note: Crest i Concvete [1p of dam ov fop of
cap wall, Major tmpact :ff[aw ovev
crvest covld be on Grovwd j

dus-l' dowin Strean ,
low Leve/ Ovtlet

.8“95 ovtlet , Gols l‘“"j , 'E LT , Munoy loss = 2 by ,h{;?.'.t?lf'%g hy
pond sorf{. el. 83.5 , H=2835-8577 ~ 2588+
" H=zse : h(2+201) ,Vz20358ps @ Tl efs

Time to lower | £4 = ';';:u(;(::;'ﬂ = 17.2 hovrs
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Project N44 Pel/f eW 01( NC'NI r_{'al Dw Acct. No. 6 3 ig Page 8 ot

//

Detail

Ck'd. By Date

@ F;u/ure’ :épam

frak Failoe Flow?

Subject _E’_‘J___C_Q%iﬂ_,MComptd By LES : Date 6/4/79
. __UrpEr Bawvyo FPomp . W .Co /2% /3

— Pond Elevalicw- 84.¢ (Pam ‘Vﬂ‘*‘)
Toe Elevation — 61,2

Yo

= 174 f*F

DQWL Leuq{"k fub ec{ '\(':J Bvea.cluu: = 30# (3 ba,u[s)

APIANRN

Qr = hes Wo (V)"

= /63(30)(17«9 = 3700 fu
mj‘ormj szCl«mwjﬂ 15 kdocfs-

Storoge Velows [ leased

Stovage Below Spillwoy Va 16,3 (10.1)

§+°V°-3¢Abow SF‘”"" A (M"\ = a.c..Fee'('
. 549 - -
= (.Gno - ~
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Project /VCHL, R@V’éw O7C A/OH F—Gd'qum-’ Acct. No. é 3 5-6 Page 9 , 1

of
Subject EJJ‘-Q)( County  Mass. Comptd. By LES Date 6/5/ 78

Detail UPPER BA /(f\.IJO POND . Ck'd. By w -C, Date %‘/Z é/??

@ /)?7_/9057” of HOIdfhg Fond & feet Below Spillway Cres?

' = Jorage m upper 8 feet ofUpper Janjo Ford
N
Assume surfrce avea o %o(c/e/w% )

Depth below spiilway = (6. 3’
,4 vea ar J/Df//wa,l-a/ ,/fe el = /0. gcres

. . 1
AVﬁdz 5%36’/5%4/ 5/@;//-/()&!./ fevel = /0,/(-24?—'33) = 2.2 a5
Vol. 1 fop 8’?:’3"//0.1(/6.3)- 2:62(8.3)[= 47.6 ac.ft

2 - Kainig! Volvwmes (Full PHFP)

G hv. vaimn — /9 in.
Infiltration efe.~ O 1n /hr
net ronoff depth /8.4 1n. or LE3LY,

Vol. fvorm crea dpectly Tk, o Uoper Benio
Fond =0. 058 m/* x @45 X [ 53%= féj? ac, f+, v

Vol from arca directly fvib. t Ferrwood
Lake =0.642 mi*x c40"x/53 = 630. 0 ac. {4,

3 - y%offaje m Fernwood Lake
Juirface areq - £30,3 dcres
\\Commr}wedﬂﬁomg ¢ .above spillway crest -
Withoot flash bds :(92.8=90.5)30.3= 6 9.7 ac.f¥.
With Flashboards :(92.8- 9f-7) 30.3 = 33.3 aqc. {4,
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Project M@M&L@M Acct. No.

Subiject
Detait

[ 2
UPPER Banyo Powd

r -

& 3S6

LEES

Comptd. By
Ck'd. By

e,

4- PMFE Volvmes and Ronoff Rate ysTime

@ (Continved)
23%7 ﬁfﬁ¢
" Ramfalle
o %
0§ 4 7.
1.6 8%
LS 13%
2.0 19 %
2.$ 78
3.0 58 %
3.0 77%
4.0 B3%
45 88 %
S0 T2%
S5 0%
6.0 OO,

Note: Volumes calculated as tw lew 2 , rovelf =

Althooah the fotal volume of actval roue

Sveb a Stoym would
fauﬁer evice O

OVEer a

‘ Vo luwe o( fuu;ﬁ: to !
r 474

()f re %L:er feet) woed
'om> 0.0
2.18 25,20
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/owe.f /oéa,k

55
55
9
82
24
413
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Project &M@M Acct, No, 6 3“ Page ” of

Subject E Cau + tMQ—ff Comptd. By ""SE Date M

Detail UPPEQ BAJUJ (o] PO;UD Ch'd. By wi. C- Date g /21 /78
@(@Mfg_uec! )
. 5“ 5uw\ma_y.1

An 8 ft flood stovage volome at Upper Ranjo
would be almoet eqoalto the total PHE pumof
Volume from divéet wmflow -without Fernwood,
Jimnce the diveet I‘V‘-(foou woold ¢liminate the
avalable s{—owaﬁe) t',ur‘fb!ov‘f' deua[onlj Jlju.tfc'c,auf
ov+flow | then +he peak dfg;_kmae at Upper
Bawjo weuld be éfcewhc;({:T Egval 4o the peat
inflow Lrowm Fernwsod (see 1tem @).

Stmilar resvits wovld occcur vuder a
VYo PMF {lood.

Fernwood lake dees not vise above elev 94
Under ce full PMF Llood, /£ the dike between
U,o’::en/ Bawjo Povd adnd Fernwooel bake was

vatsed ) Say two Ceet, then Uppev Baujo would
be cut off Lrom Fernwood, Under thee condition,
Fhe \Clooc,f S'"'ovra.3€. olume mrjfd’ be recduced 42
o lower valve. A /jharz_ﬂ.—aua_lﬁ_ﬁs‘ of boti
Pomds would be refwréo! to establish the
V)e‘cg_(‘g‘d,r7 lmc_.rea(e e clibe level anst +he
munrmom desiveable £ lood sfovege volume «t

Upper [Baujo. D-11



APPENDIX E

INFORMATION AS CONTAINED IN THE
NATIONAL INVENTORY OF DAMS
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® ® @ W _ : @ @
: NEAREST DOWNSTREAM oisT
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: ' £1]06| TR=ANNISOUAM RIVER GLOUCESTER . 0 27200
' [©) ® ® HYC:} & @ .
! YEAR ey IMPOUNDING CAPACITIES '
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RECBPG 1908 | R 17 i7 T 8| NED « NP N N . N
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LN N N N o O @ - _® 90 0. 0 0 _ @ .
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